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FLORA OF ALASKA AND ADJACENT PARTS OF CANADA1 
An Illustrated and Descriptive Text of All Vascular Plants Known 
to Occur Within the Region Covered 
PART VII. GERANIACEAE TO PLUMBAGINACEAE 
J. P. ANDERSON 
From the Department of Botan y, Iowa State College 
Received May 5, 1948 
23. GERANIACEAE (Geranium Family) 
Herbs with stipulate leaves; flowers perfect, regular, axillary, -soli-
tary or clustered; sepals and petals usually 5 each; stamens distinct; 
anthers 2-celled, versatile; ovary of 5 carpels separating elastically at 
maturity with long styles attached to a central axis. 
Carpels rounded, anthers 10 . ...... . . ... . . . . .. . ... . ..... 1. Geranium 
Carpels spindle-shaped, anthers 5 . .. . ........ . . . . . ... . . 2. Erodium 
1. GERANIUM (Tourn.) L . 
Leaves palmately lobed, cleft or divided; sepals and petals imbri-
cated; ovary 5-lobed, 5-celled, beaked; style compound; ovules 2 in 
each cell but the carpels 1-seeded. (Greek, a crane, from the beaked 
fruit.) 
lA. P erennials, petals 1 cm. or more long. 
lB. Flowers bluish or rose-purple . . .. . .. . .... .... . . 1. G. erian thum 
2B. Flowers white .. .. . .. ... ... . . .. .. .. . .. . . . . . . .. .. . 2. G. sanguineum 
2A. Annuals or biennials. 
lB. Leaves divided to the base . . . . . ... .. . . ...... . . . . 5. G. robertianum 
2B. Leaves not divided entirely to the base. 
lC. Beak short-pointed, inflorescence compact. . . . . . 4. G. carolinianum 
2C. Beak long-pointed, inflorescence loose . ... . . . . . 3. G. bicknellii 
1. G. erian thum DC. Northern Geranium. 
Stems appressed-pubescent, 2- 8 dm. tall; leaves cordate to reniform 
in outline, 5- to 7-parted, the divisions lobed and toothed, pubescent on 
both sides or at least beneath, 5-15 cm. broad; sepals oblong, silky-
pilose, ending rather abruptly in an awn 2-3 mm. long; petals 15--20 mm. 
long, pubescent at the base; style column 20-30 mm. long, finely villous. 
' Preceding parts of the paper were published in this Journal as follows : Part 
1, Vol. XVIII, pp. 137-75, 1943; Part 2, Vol. XVIII, pp. 381-446, 1944; Part 3, Vol. 
XIX, pp. 133-205, 1946; Part 4, Vol. XX, pp. 213-57, 1946; Part 5, Vol. XX, pp. 297-
347, 1946; Par t 6, Vol. XXI, pp. 363-423, 1947. 
[ 137] 
138 J . P. ANDERSON 
Wet soil, especially alpine meadows, northeast Asia-south half of 
Alaska-B.C. Fig. 731. 
2. G. sanguineum L. 
Stems spreading, pubescent with widely spreading hairs, 2-4 dm. 
tall; leaves pentagonal in outline, 3-6 cm. broad, 3- to 7-parted, the 
divisions incised, ciliate-pubescent on the margins and the veins beneath; 
peduncles usually 1-flowered; sepals elliptic-lanceolate, ciliate on the 
margins and ribs, about 1 cm. long with an awn about 3 mm. long; petals 
white, 12-20 mm. long; style column in fruit 2 cm. or more long. 
The plant here described differs from the typical form of Europe 
in the white flower, smaller leaves and more spreading habit. It may be 
a horticultural variety introduced many years ago at Sawmill Creek near 
Sitka where it was found by G. Turner and removed to the garden of 
the Alaska Pioneers Home at Sitka. Fig. 732. 
3. G. bicknellii Britt. Bicknell Crane's-bill. 
Stem erect, 4-12 dm. tall and with ascending branches; leaves 
pentagonal or the lower orbicular in outline, divided nearly to the 
base, the divisions again cleft or incised, 2-6 cm. broad; peduncles usually 
2-flowered; sepals lanceolate, ending in an awn 1-2 mm. long; petioles, 
peduncles, pedicels and sepals glandular-pubescent; petals about same 
length as the sepals, rose-purple. 
Central Alaska- Lake Athabasca-Newf.-N. Y.-Utah-Wash. Fig. 
733. 
4. G. carolinianum L . Carolina Crane's-bill 
Somewhat resembling G. bicknellii but of lower, more spreading 
growth, 15-40 cm. tall; branches wide-spreading, especially from the 
base; leaves somewhat less divided than in the preceding. 
An occasional introduced weed, B.C.-Ont.-Bermuda-Jamaica-
Mex.-Calif. 
5. G. robertianum L. Herb Robert. 
Stem weak, extensively branching, 15-45 cm. tall; leaves thin, the 
divisions lobed or toothed; peduncles 2-flowered, the pedicels divaricate; 
sepals awn-pointed; petals red-purple, about 1 cm. long. 
Escaped at Juneau, Manitoba-N. S.-N. J .-Mo. 
2. ERODIUM L'Her. 
Stems generally with jointed nodes; flowers in axillary umbels, 
nearly regular; sepals usually awn-tipped; stamens 5, alternating with 
5 staminodia; style column very elongate. (Greek, a heron, from the 
resemblance of the fruit to its beak.) 
E. cicutarium (L.) L'Her. Alfilaria. 
Annual, branched, 15-40 cm. tall; leaves pinnate, the segments pin-
natifid or incised; peduncles and pedicels more or less hirsute, the umbels · 
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2- to 12-rayed; sepals 6-7 mm. long, sharp-tipped; petals slightly longer 
than the sepals, pink. 
An occasional weed, adventive from Europe. 
24. LINACEAE (Flax Family) 
Herbs with alternate leaves; flowers perfect, regular, borne in 
racemes or panicles; stamens monodelphous; fruit a capsule opening by 
twice as many _valves as there are carpels. · 
LINUM L. 
Leaves narrow, sessile, entire; sepals 5, persistent; petals in ours 
blue or rarely white, fugaceous; stamens alternate with the petals, their 
filaments united at the base, each sinus with a short staminodium; styles 
5; seed flat. (Classical Latin name.) 
L. perenne L. ssp. lewisii (Pursh) Hult. Lewis Wild Flax. 
L. lewisii Pursh. 
Stems 2-7 dm. tall, often several arising from a perennial woody 
root; leaves linear, ascending, sharply acute at apex, 1-3 cm. long; petals 
15-20 mm. long. 
Central Alaska-Victoria Land-Texas-northern Mex. Fig. 734. 
25. BALSAMINACEAE (Jewel-weed Family) 
Succulent herbs with swollen nodes; leaves simple; flowers irregular, 
perfect; sepals usually 3, the posterior one petaloid and strongly saccate 
or spurred; petals 5 or by union only 3; stamens 5, the anthers more or 
less united around the stigma; pod a 5-celled capsule, _elastically dehiscent. 
IMPATIENS L. 
Lateral petals united with the posterior ones, hence 2-lobed; each 
cell of the capsule with few to several seeds, bursting violently when 
touched, which property is responsible for the name. 
I. noli-tangere L. Western Touch-me-not. 
I. occidentalis Rydb. 
Annual, st.ems light green, 6-12 dm. tall; leaves oval, thin, crenate-
dentate, acuminate; lateral sepals acuminate, nerved; posterior sepal 
conic trumpet-shaped with curved spur, about 2 cm. long, pale yellow. 
Bering Sea-central Alaska-Lake Athabasca-Wash. Also Eurasia. 
Fig. 735. 
26. CALLITRICHACEAE (Water Starwort Family) 
Small aquatic plants with capillary stems; leaves opposite, entire; 
flowers minute, axillary, perfect or monoecious; calyx none, but the 
flower usually subtended by 2 bracts; corolla none; stamen 1; anther 
2-celled; styles 2, fi.liform; ovary 4-celled; fruit leathery, 4-lobed, 4-seeded. 
140 J. P. ANDERSON 
CALLITRICHE L. 
The only genus. (Greek, beautiful hair.) 
lA. Fruit winged, leaves linear, all alike and submerged .. 1. C. autumnalis 
2A. Fruit not winged, floating leaves spatulate. 
lB. Styles shorter than the fruit .. ... ........... . . . ... 2. C. verna 
2B. Styles longer than the fruit ... . . . ... . .............. 3. C. bolanderi 
1. C. autumnalis L. Northern Water-Starwort. 
Leaves clasping at the base, retuse at the apex, 10-16 mm. long; 
fruit 1.5-2 mm. long, nearly as wide, its lobes separated by a deep groove, 
broadly winged on the margins. 
Circumpolar, south to N. Y.-Colo.-Ore. 
2. C. verna L. Vernal W ater-Starwort. 
C. palustris L. 
Stems usually floating, 2-30 cm. long; submerged leaves linear, 
1-nerved, obtuse or emarginate at the apex, 8-25 mm. long; floating leaves 
ovate, usually crowded, petioled, 5--10 mm. long; fruit obovoid, about 
1 mm. long and broad, slightly notched, grooved, keeled or slightly 
winged above. 
Circumpolar, south to Florida and Calif. Fig. 736. 
3. C. bolanderi Hegelm. Bolander Water-Starwort. 
Plants entirely aquatic; submerged leaves linear, notched at the 
apex, 12-50 mm. long; emersed leaves forming a rosette floating on the 
surface, roundish-ovate to spatulate, up to 1 cm. long; fruit obcordate, 
the semipersistent styles 1.25-2 times as long as the fruit. Resembles C. 
verna. 
Alaska along the coast to Calif. 
27. EMPETRACEAE (Crowberry Family) 
Low evergreen heath-like shrubs; leaves small, narrow, channelled, 
nearly sessile, jointed at the base; flowers small, monoecious, dioecious 
or polygamous; sepals 3; petals 2 or 3 or none; stamens usually 3; anthers 
2-celled; pistillate flowers with a 2- to several-celled ovary; fruit a berry-
like drupe. 
EMPETRUML. 
Depressed, branched, spreading shrub with densely leafy branches; 
flowers polygamous, axillary; sepals 3, petaloid; petals 3; stamens 3; 
ovary 6- to 9-celled; stigma with 6-9 toothed lobes; fruit with 6-9 nutlets. 
(Greek, upon a rock.) 
E. nigrum L. Crowberry. 
Leaves linear-oblong, 4-7 mm. long, the groove on the lower surface 
caused by the revolute margins; flowers small, purplish; sepals and 
petals spreading; fruit globose, 4-6 mm. in diameter. 
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Very common throughout our area, circumboreal, south to the 
Great Lakes. Fig. 737. 
28. ACERACEAE (Maple Family) 
Trees or shrubs; leaves opposite, simple or compound; flowers per-
fect, polygamous, monoecious, or dioecious; sepals 4 or 5, rarely none, 
often colored; petals of same number, inserted on the margin of the 
indistinct disc, or none; ovary 2-celled with 2 ovules in each cell; fruit 
composed of 2 winged c.arpels united below. 
ACER (Tourn.) L . 
Leaves petioled, in ours more or less palmately cleft, lobed or parted; 
flowers polygamous or rarely perfect, in axillary or terminal racemes 
or corymbs; fruit or 2 samaras with reticulate wings. Most species in 
spring furnish a sweet watery sap. (Classical name.) 
Mature carpels glabrous .... . . . . . ...... .. ... . . . . . ...... 1. A. glabrum var. doug!asii 
Mature carpels hairy .. . . . . . . ......... . .... . . . . . ........ 2. A. macrophyllum 
1. A. glabrum Torr. var. douglasii (Hook.) Dipp. Douglas Maple. 
A. douglasii Hook. 
Shrub or small tree up to 10 m. tall; twigs purplish or red; lrnves 
long-petioled, 3-10 cm. long and broad, 3- to 5-lobed, sharply serrate, pale 
underneath, the lobes sharp-pointed; flowers yellowish-green, appearing 
with the leaves; samaras 25-35 mm. long the wings ascending. 
Southeast Alaska-Alta.-Wyo.-Ore. Fig. 738. 
2. A. macrophyllum Pur sh. Broad-leaved Maple. 
A tree 20-30 m. tall; leaves 1-3 dm. broad, cordate, deeply 5-lobed, 
the sinuses rounded; flowers appearing just before the leaves; sepals 
and petals about equal, greenish-yellow; samaras 3~45 mm. long. 
Along the cost, southeast Alaska-Calif. 
29. VIOLACEAE (Violet Family) · 
Low, usually perennial herbs (some tropical species shrubs); leaves 
simple, alternate or basal and with stipules; flowers perfect, irregular; 
sepals 5; petals 5, the lower one spurred and saccate at the base; stamens 
5, the anthers united or connivent; ovary 1-celled with 3 parietal 
placentae; capsule loculicidal. 
VIOLA (Tourn .) L . 
Flowers solitary, scapose or axillary; the showy flowers produced 
early in the season and occasionally late in the fall; most species produce 
small, inconspicuous cleistogamous flowers through the summer which 
are far more productive of seed; sepals persistent, auricled at the base; 
two lower stamens with nectariferous projections extending into the 
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spur. The margins of the leaves in all our species are more or less 
crenate-dentate. (The Latin name.) 
lA. Plant acaulescent or nearly so. 
lB. Plant with stolons ....... . ......... ... . . .. .... . . . 7. V. epipsila repens 
2B. Plant not stoloniferous.· 
lC. Flowers white .. ......... . ...... ...... ......... . 6. V. renifolia 
2C. Flowers violet or lilac. 
lD. Petals beardless ...................... .. ... . . 8. V . selkirkii 
2D. Lateral petals only bearded ......... . ..... . . 9. V. langsdorfii 
3D. All the petals bearded ................... . ... 5. V . nephrophylla 
2A. Plants with evident stems. 
lB. Petals white on inner surface ...... .. ... ..... .. 3. V. rugulosa 
2B. Petals violet. 
lC. Leaves 10-25 mm. wide, spur long ........ . . .. 10. V. adunca 
2C. Leaves 2-5 cm. wide, spur short .............. . 9. V. langsdorfii 
3B. Petals yellow. 
lC. Petals beardless ............................... 4. V. biflora 
2C. Petals bearded. 
lD. Stems 3-10 cm. long ......................... 2. V. orbiculata 
2D. Stems 10-30 cm. long ... . . ..... . ....... . ..... 1. V. glabella 
1. V . glabella Nutt. Stream Violet. 
Rootstock horizontal or nearly so; base leaves 1-3; stems 1-4, 2- to 
4-leaved at the top; leaves reniform to broadly ovate, cordate at the base, 
short-pointed, nearly glabrous, 2-7 cm. wide; flowers axillary; corolla 
yellow with dark markings in the throat; spur saccate, short; seed dark, 
about 2 mm. long. 
Aleutians-Mont.-Calif. Fig. 739. 
2. V. orbiculata Geyer. Western Round-leaved Violet. 
Rootstock stout and rough; basal leaves nearly round in outline, 
often pointed, with scattered hairs on upper surface; stems bearing 
somewhat reduced leaves and both petaliferous and cleistogamous 
flowers; stipules brown, scarious; seeds brown, 2 mm. long. 
Near Ketchikan, B. C.-Mont.-Ore. 
3. V. rugulosa Greene. Tall-stemmed White Violet. 
Stems 2-6 dm. t9ll; basal leaves on long petioles, up to 1 dm. broad, 
broadly ovate to reniform, abruptly short-pointed, hairy beneath and 
sometimes on the veins above; stem leaves narrower and smaller; 
flowers axillary, the petals white with yellow base, often drying purplish; 
seeds brown, 2 mm. long. Produces underground runners. 
Hot Springs, Liard River-Minn.-Iowa-Colo.-Wash. 
4. V. biflora L. Two-flowered Violet. 
Stems several from a rather short, fleshy rootstock, 2- to 3-leaved; 
leaves orbicular to reniform with hairy margins, 2-4 cm. wide; sepals 
narrow, ciliate; flowers small. 
Bering Sea across Alaska and in Colo. and Eurasia. Fig. 740. 
5. V. nephrophylla Greene. Northern Bog Violet. 
Glabrous or nearly so; leaves ovate to reniform; petals large, bluish 
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violet with white, bearded bases; cleistogamous flowers on erect pedun-
cles; seeds olive brown, 2 mm. long. 
Hot Springs, Liard River-Newf.-Wis.-Colo.-Calif. 
6. V. renifolia Gray. Kidney-leaved White Violet. 
Often pubescent throughout but may be glabrate, especially on 
upper surface of the leaves; leaves reniform, sometimes ending in a 
point; petals white, all beardless, • the 3 lower veined with purple; 
cleistogamous flowers on horizontal peduncles until the capsule ripens. 
Our form is the var. brainerdii (Greene) Fern. which has the upper 
surface of the leaves glabrous. 
Tyonek and Watson Lake-Labr.-Newf.-Penn.-Mich.-Colo. Fig. 
741. 
7. V. epipsila Ledeb. ssp. repens (Turcz.) W. Bckr. 
V . achyrophora Greene. 
V. palustris Auct. 
Northern Marsh Violet. 
Spring flowers 1 or 2, arising with the 1 or 2 leaves from the end 
of a creeping rhizome; leaves ovate to reniform; stipules glabrous, 
purplish, glandular-tipped; petals violet to lavender or white, with or 
without beards; seed less than 2 mm. long. 
The species is circumpolar. Fig. 742. 
8. V. selkirkii Pursh. Great-spurred Violet. 
5-10 cm. tall; leaves broadly ovate-cordate, the upper surface 
sparsely hairy, the basal sinus narrow; petals pale violet, the spur 
3-5 mm. long with enlarged end; cleistogamous flowers on ascending 
peduncles. 
Circumboreal but of very scattered distribution. Fig. 743. 
9. V. langsdorfii Fisch. Alaska Violet. 
Glabrous; nearly stemless early in the season but with stems a few 
centimeters to one decimeter or more long later; leaves variable, reni-
form to oval, 2-5 cm. broad; stipules sharp-pointed, sometimes toothed; 
style small, beaked; corolla dark violet blue with short, light spur; 
petals 15-22 mm. long, the lateral ones bearded; capsules 10-15 mm. long. 
Our most showy violet. 
Northeast Asia-central Alaska-Yukon-Calif. Fig. 744. 
10. V. adunca Smith. Hook-spurred Violet. 
Stems from a woody rootstock, short at first flowering; leaves sub-
cordate to ovate, obtuse, more or less finely puberulent, 1-3 cm. wide; 
stipules narrow and pointed with setulose teeth near the base; petals 
light to deep violet, 12-18 mm. long; spur 5-7 mm. long, hooked or 
straight; capsules brown-spotted. 
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Widely scattered, Kodiak Isl.-Great Bear Lake-Labr.-N. B.-
N. Mex.-Calif. Fig. 745. 
30. ELAEAGINACEAE (Oleaster Family) 
Shrubs or trees with silvery, stellate or scaly pubescence; leaves 
entire; flowers perfect, polygamous or dioecious, borne in axillary 
clusters; hypanthium enclosing the ovary and becoming berry-like in 
fruit; sepals 4, deciduous; corolla none; stamens 4 or 8; ovary 1-celled, 
1-ovuled; fruit a drupe. 
Stamens 4, leaves alternate .. ..... . . . ... .. .......... . . . 1. Elaeagnus 
Stamens 8, leaves opposite ... . .. . ....... . ... . ....... . .. . 2. Shepherdia 
1. ELAEAGNUS (Tourn.) L. 
Shrubs or trees; flowers in axillary clusters of 1-4, perfect or poly-
gamous; perianth constricted over the top of the ovary, the upper part 
campanulate, four-lobed; stamens borne on the upper part of the perianth. 
(Greek, sacred olive.) 
E. commutata Bernh. Silverberry. 
E. argentea Pursh. 
A shrub 1-4 m. tall; leaves elliptic to ovate, 2-10 cm. long, silvery-
scurfy on both sides; flowers fragrant, silvery on the outside, yellowish 
inside; fruit ellipsoid, silvery, 8-12 mm. long, dry and mealy, edible. 
Central Alaska-Que.-Minn.-S. Dak.-Utah. Fig. 746. 
2. SHEPHERDIA Nutt. 
Shrubs with silvery or reddish-brown scaly or stellate pubescence; 
flowers small, borne in clusters at the nodes of the preceding season's 
twigs; perianth an 8-lobed disc, in the staminate flower the stamens 
alternate with the lobes of the disc. (John Shepherd was an English 
botanist.) 
S. canadensis (L.) Nutt. Soapberry, Soopolallie. 
Lepargyraea canadensis (L.) Greene. 
Branching shrub, 1-2 m. tall; young twigs and buds with reddish-
brown scales; leaves ovate, 15-60 mm. long, sparingly stellate above, 
densely stellate-pubescent below mingled with brownish scales; flowers 
yellow; fruit red, 5-6 mm. long. Native Indians mix the berries with 
sugar and water and beat it into a froth much relished by them. 
Noatak-Mackenzie delta-Newf.-N. Y.-Utah-Ore. Fig. 747. 
31. ONAGRACEAE (Evening-Primrose Family) 
Herbs (some exotic species shrubs); leaves simple; flowers perfect, 
axillary or borne in terminal racemes; hypanthium sometimes elongate, 
enclosing the ovary; sepals and petals usually 4; stamens as many or twice 
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as many as the petals; ovary usually 4-celled; fruit a capsule or nut-like. 
Flowers 2-merous, fruit bristly ... .. . . .. . · .. ... . .. .... ... 1. Circaea 
Petals 4, stamens 8, fruit a many-seeded capsule .... . . . . 2. Epilobium 
1. CIRCAEA L. 
Low slender perennials with succulent stems; leaves opposite, den-
tate, petioled; flowers small, white, borne in terminal and axillary 
racemes; sepals 2; petals 2, notched; fruit indehiscent, 1- to 2-celled; 
1- to 2-seeded. (Circe of mythology was an enchantress.) 
C. alpina L . Enchanter's Nightshade. 
Stem 5-25 cm. tall; leaves cordate, sharply dentate, 2-5 cm. long; 
pedicels 3-4 mm. long, reflexed in fruit; fruit narrowly obovoid, about 
2 mm. long, covered with soft hooked hairs. 
Wet woods, circumpolar, central Alaska south to Ga., Iowa, and 
Calif. Fig. 7 48. 
2. EPILOBIUM (Gesn.) L . 
Annuals or perennials; leaves sessile or short-petioled, entire or 
toothed; flowers perfect, solitary, axillary or borne in spike-like racemes; 
sepals 4; petals 4, purple, pink or white, in one species yellow, often 
notched; stigma club-shaped or 4-lobed; seeds numerous, each with a 
silky coma. Our species are all perennial by creeping horizontal stems, 
in some species below the surface (sobols) and in some on the surface, 
the latter sometimes shortened to form rosettes of thick, fleshy leaves 
at or near the base of the stem. The seeds of many species are finely 
papillose, but it takes a strong magnification to determine this character. 
Hybrids seem to occur. The small-flowered section constitutes a very 
confusing group. (Greek, upon a pod.) 
lA. Leaves all alternate, flowers large and showy. 
lB. Plant erect, high-growing .... . ...... . . . . . ... . ... 1. E. angustifolium 
2B. Plant decumbent, lower-growing. . . . . . . . . . . . . . . . 2. E. latifolium 
2A. At least some of the leaves opposite, flowers smaller. 
lB. Petals yellow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. E. luteum 
2B. Petals pink, purple or white. 
lC. Stigma 4-lobed ... . ........ . ................... 4. E. treleaseanum 
2C. Stigma entire. 
lD. Petals 3-5 mm. long. 
lE. Leaves narrowly linear ... . ........ ........ 5. E. davuricum 
2E. Leaves wider. 
lF. Plants less than 25 cm. tall. 
lG. Stems simple, curved . .. .. .... . .. .. . . .. 6. E. anagallidifolium 
2G. Stems usually branched ................ 7. E. leptocarpum 
2F. Plants usually more than 3 dm. tall. 
lG. Leaves narrowly lanceolate or linear-
lanceolate, entire . . . . . . . . . . . . . . . . . . 8. E. pa lustre 
2G. Leaves wider, thick, prominently 
toothed ... . ... .. .. . .... ..... .. ... . . . 9. E. adenocaulon 
2D. Petals 5-10 mm. long. 
lE. Tall plants, up to 8 dm. tall ....... . ... .. ... 10. E. glandulosum 
2E. Plants usually 2-4 dm. tall. 
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lF. Plants stoloniferous. 
lG. Leaves thick, middle stem leaves sessile, 
sharply toothed .. . . . ...... . ...... . . 11. E. beringianum 
2G. Leaves thin, the middle ones petioled, 
sparsely toothed . . . . .. .. . . . .... . .. . . . . . 12. E. lactiflorum 
2F. Plants soboliferus. 
lG. Stems simple . .. . .. .. . .... . . ... . ..... . . 13. E. hornemannii 
2G. Stems often branched .. . .. . .. . . . . . . .. . 14. E. sertulatum 
1. E. angustifolium L. Fireweed 
Chamaenerion angustifolium (L.) Scop. 
C. spi'catum (Lam.) S. F . Gray. 
Stems usually simple, 5-25 dm. tall, glabrous below, puberulent 
above; leaves lanceolate or linear-lanceolate, paler beneath, 5-15 cm. 
long; flowers in terminal spike-like racemes; petals 10-18 mm. long, 
rose-purple or occasionally white or pink; style longer than the stamens, 
deeply cleft; capsule 5-8 cm. long. 
Very common, circumpolar, south to N. Car., Texas, Ariz., and 
Calif. Fig. 749. 
2. E. latifolium L. Dwarf Fireweed. Riverweed. 
Chamaenerion latifolium (L.) Sweet. 
Branched from the base, glabrate below, often canescent above, 
1-5 dm. tall; leaves ovate-lanceolate, thick, pale, 2-7 cm. long, · entire 
or with a few small teeth; inflorescence short; petals 15-25 mm. long, 
rose, pale purple or white; style shorter than the petals; capsule 5-8 cin. 
long. Favorite habitat is a sandy or gravelly deposit along streams. 
Interrupted circumpolar in distribution, south to Gaspe Peninsula, 
Penn., S. Dak. , Colo. and Ore. Fig. 750. 
3. E. luteum Pursh. Yellow Willow-herb. 
Decumbent or ascending, 2-8 dm. tall, the stems terete, glabrous 
below, pubescent on decurrent lines above; leaves sessile, ovate-lanceo-
late, glandular-toothed, 3-8 cm. long; inflorescence glandular-pubescent; 
sepals 1 cm. or more long; petals 12-18 mm. long, style exerted, stigma 
4-lobed; capsule 4-6 cm. long. 
Wet places, Aleutians-Alta.-Wash. Fig. 751. 
4. E. treleaseanum Levl. Trelease Willow-herb. 
Stems about 2 dm. tall; leaves wide ovate, abruptly contracted at 
the base; capsule glabrous; petals pink. Resembles E. luteum except for 
flower color. 
Rare, eastern Aleutians, Shumigan Isls. and Selkirk Mts., B. C. 
5. E. davuricum Fisch. Davurian Willow-herb. 
Stems simple, slender, 1-4 dm. tall; leaves 8-25 mm. long, 1-3 mm. 
wide; flowers few; petals pale, 2-3 mm. long; capsules erect, 3-5 cm. long, 
nearly glabrous when mature; seeds papillose. 
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Wet places, Seward Penin.-Baffin Land-Newf.-Hudson Bay, and 
in Eurasia. Fig. 752. 
6. E. anagallidifolium Lam. Pimpernel Willow-herb. 
Stem strongly curved when young, more erect at maturity, often 
tufted, 5-15 cm. tall, pubescent in decurrent lines; leaves 6-25 mm. long, 
oval, obtuse, narrowed into a short petiole, often with a few short 
teeth; flowers 1-5, grouped at the top, nodding; petals lilac or rose, 4-5 
mm. long; capsules erect, 2-4 cm. long. Var. pseudo-scaposum (Hausskn.) 
Hult. is a form with long-peduncled capsules. 
Circumpolar, south to Maine, Colo. , and Calif. Fig. 753. 
7. E. leptocarpum Hausskn. Thin-capsuled Willow- herb. 
Stems 5-25 cm. tall, usually much branched, but in var. macounii 
Trel. nearly simple; leaves lanceolate, toothed, up to 25 mm. long; 
flowers one to several on each branch, usually many for the entire plant; 
petals 3-5 mm. long; capsules 2-4 cm. long on long peduncles; seeds 
papillose; coma dingy. 
Aleutians-Or e. and in New£. Fig. 754. 
8. E. palustre L. Swamp Willow-herb. 
Stems 2-6 dm. tall, simple or branched, canescent above with 
incurved hairs; leaves opposite below, often alternate above, narrow, 
3-6 cm. long, usually shorter than the internodes; petals 3-5 mm. long, 
white or pink; capsule 4-8 cm. long, canescent; seed about 1 mm. long. 
Circumpolar, south to Dela., Colo., and Wash. Fig. 755. 
9. E. adenocaulon Hausskn. Northern Willow-herb. 
A stout, usually branched, weedy plant 3-9 dm. tall, pubescent 
above, glandular in the inflorescence; leaves mostly lanceolate, the middle 
ones short-petioled, glandular-serrate, 3-8 cm. long; petals 3-4 mm. long; 
capsules slender, 3-8 cm. long; seeds papillose. 
Central Alaska-Gt. Slave Lake-Newf.-Penn.-Mo.-N. Mex.-
Ore. Fig. 756. 
10. E. glandulosum Lehm. Glandular Willow-herb. 
Stems stout, 3-9 dm. tall, somewhat angled, glabrate below, crisp-
hairy and glandular above; leaves ovate or ovate-lanceolate, dentate, 
acute, sessile, 4-10 cm. long; petals purplish, 5-8 mm. long; capsule pub-
escent, 5-8 cm. long; seeds papillose. 
, North Asia-central Alaska-Labr.-Newf.-Gaspe Penin.-Wyo.-
Ore. Fig. 757. 
11. E. beringianum Hausskn. Bering Willow-herb. 
Stems usually simple, glabrous except along the decurrent lines, 
often nodding at the ape~, 2-4 dm. tall; leaves ovate, the lower ones 
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petioled, up to 45 mm. long, more or less toothed; petals rose-purple, 
pink or white, 6-9 mm. long; capsule nearly glabrous, up to 5 cm. long; 
seed smooth. 
Along the coast, east Asia-Aleutians-St. Matthew Isl-southeast 
Alaska and in Lahr. and Newf. Fig. 758. 
12. E. lq,ctiflorum Hausskn. Thin-leaved Willow-herb. 
Stems simple, rather slender, 15-35 cm. tall; leaves distant, thin; 
ascending, entire or denticulate with small distant teeth, 2-4 cm. long, 
the middle ones petioled; petals about 5 mm. long, usually pink in our 
form; capsules 3-5 cm. long; seed smooth. 
East Alaska-Greenl.-N. Hamp.-Colo.-Calif. and in Europe. 
13. E. hornemannii Rchb. Hornemann Willow-herb. 
E. bongardii Hausskn. 
Variable; stems usually unbranched, 1-3 dm. tall, pubescent along 
the decurrent lines; leaves ovate, obtuse, denticulate, or nearly entire, 
the middle ones petioled, 1-5 cm. long; flowers few; petals pink or rose-
purple, 4-7 mm. long; pods erect, glabrous or nearly so, 4-6 cm. long; 
seeds papillose to nearly smooth. 
Aleutians-Nome-Yukon-Minn.-Colo.-Calif. and Labr.-N ewf.-
N. Hamp. Also in Eurasia. Fig. 759. 
14. E. sertulatum Hausskn. 
Stems 12-30 cm. tall, often branched, pubescent along the ·decurrent 
lines; leaves ovate, petioled, often crowded at the top of the stem, more 
scattered below, rather thick and subcoriaceus, denticulate, 15-40 mm. 
long; petals about 5 mm. long; pod 3-5 cm. long, nearly glabrous to 
sparsely pubescent; seeds smooth. 
Kamchatka-Nome-southeast Alaska-Aleutians. 
32. HALORAGIDACEAE (Water-Milfoil Family) 
Aquatic or marsh plants, mostly perennials with whorled leaves; 
flowers perfect or monoecious, borne in the axils of the leaves, in some 
cases appearing spicate; sepals 2-4; petals 2-4 and small, or wanting; 
stamens 1-8; ovary inferior, 1- to 4-celled; angled or winged; fruit a 
nutlet or drupe. 
Leaves entire, stamens and styles each 1. . . . .... . .. . . 1. Hippuris 
Leaves dissected, flowers 4-merous . . . . . ...... . . . ...... 2. Myriophyllum 
1. lilPPURIS L. 
Calyx adherent to the ovary and with a minute, entire limb; petals 
none; style filiform, lying in a groove of the anther; fruit 1-celled, 
1-seeded. (Greek, horse and tail.) 
lA. Leaves linear or lanceolate. 
lB. Leaves in whorls of 5-6, small, delicate alpine ... 1. H. montana 
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2B. Leaves in whorls of 5- 12, aquatic . ... .. . . . ... . . . . 2. H. vulgaris 
2A. Leaves obovate or oblanceolate .. . ... . .. . . . .. ... .. . 3. H. tetraphylla 
1. H. montana Ledeb. Mountain Mare's-tail. 
Stems weak, 4-8 cm. tall; leaves linear, acute or mucronate, 3-8 mm. 
long, 1 mm. or less broad; flowers sometimes monoecious; fruit 1 mm. or 
less long, minutely granulate. 
Wet alpine meadows, Aleutians-Wash. Fig. 760. 
2. H. vulgaris L. Common Mare's-tail. 
Stems usually partly immersed, 2-6 dm. long; leaves linear, acute, 
1-2 cm. long on emersed stems, often much longer on the immersed parts 
of the stems; stamen with a short filament and a large anther opening 
by side slits; fruit ovoid, about 2 mm. long, minutely granulate. 
Circumpolar, south to N. S. , N. Y., N. Mex., Calif. Also in Patagonia 
and Tierra del Fuego. Fig. 761. 
3. H. tetraphylla L.f Four-leaved Mare's-tail. 
Stems 1-4 dm. long; leaves obovate or oblanceolate, entire, in whorls 
of 4-6, 8-16 mm. long; fruit rugose, about 2 mm. long. 
Circumpolar, south to Gaspe Penin., Hudson Bay, B. C. Fig. 762. 
2. MYRIOPHYLLUM (Vaill.) L. 
Stems slender, usually floating; immersed kaves finely dissected 
into filiform divisions, the emersed ones entire or pectinately lobed; 
flowers axillary or in terminal spikes, the upper staminate, the lower 
pistillate, the intermediate perfect; stamens 4-8; ovary 2- to 4-celled with 
1 ovule in each cavity. (Greek, myriad-leaved.) 
Floral bracts verticillate ... .. .. . ......... . . . .... ... . . .. 1. M. spicatu m 
Floral bracts alternate . .... .................. . .... .. . . .. 2. M. alterniflorum 
1. M. spicatum L. Spiked W ater-Milfoil. 
Stems 2-10 dm. long; leaves verticillate in 4's or 5's, pinnatifid into 
fine capillary divisions; floral leaves ovate, toothed or more often pectin-
ately pinnatifid, 1-2 times the length of the· flowers; flowers in an inter-
rupted spike; petals 4, deciduous; fruit about 3 mm. broad, slightly 
broader than long; carpels rounded on the back. Most of our material 
belongs to the form described as M. exalbescens Fern. (M. spicatum ssp: 
exalbescens [Fern.] Hult.) in which the stems have a tendency to 
whiten on drying. 
Circumpolar, south to Mass. , Ga., Colo., and Calif. Fig. 763. 
2. M. alterniflorum DC. Loose-flowered W ater-Milfoil. 
Submerged leaves in whorls of 3-5, usually less than 1 cm. long; 
floral leaves ovate or linear, entire or minutely toothed, smaller than 
the flowers . 
Reported from the Buckland River and Mackenzie District. Other-
wise known from Greenland to Mass. and Minn. 
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33. ARALlACEAE (Ginseng Family) 
Aromatic herbs, shrubs or trees; leaves alternate or whorled, simple 
or compound; flowers regular, perfect or polygamous, inconspicuous; 
sepals 5; petals and stamens usually 5 each; ovary 2- to 5-celled; ovules 
solitary in each cavity; fruit a berry or drupe. 
Herb, leaves compound ........................ : ...... 1. Aralia 
Prickly shrub, leaves simple ........................... 2. Oplopanax 
1. ARALIA (Tourn.) L. 
Perennial herbs, shrubs or trees; leaves pinnately or ternately 
decompound; flowers in a compound umbel in our species; calyx trun-
cate or 5-toothed; styles 5; fruit a small berry enclosing up to 5 seeds. 
A. nudicaulis L. Wild Sarsaparilla. 
Nearly acaulescent with a long rootstock; leaf 1, ternate, divisions 
each bearing 3-5 leaflets; leaflets acuminate, finely serrate, 5-13 cm. long; 
scapes shorter than the leaves, bearing a compound umbel with 3-5 
primary rays; flowers greenish; fruit globose, black, 5-lobed when dry. 
Woods, Hot Springs of the Liard River-Mack.-Newf.-Ga.-
Colo.-Idaho-B. C. 
2. OPLOPANAX Miq. 
Very prickly shrubs; leaves large, palmately lobed; flowers in 
panicled umbels; calyx teeth nearly obsolete; petals 5, greenish; stamens 
5, the filaments filiform, the anthers oblong; ovary bicarpellary; fruit 
flattened. ' 
0 . horridus (Sm.) Miq. 
Echinopanax horrid um (Sm.) Dec. & Planch. 
Fatsia horrida (Sm.) B. & H. 
Devil's Club. 
A straggling shrub 1-5 m. tall, armed with numerous prickles; 
leaves orbicular in outline with prickles on the petiole and veins, 2-7 dm. 
wide, palmately 3- to 7-lobed, further incised, sharply and unevenly 
serrate, cordate at the base; inflorescence terminal, 1-3 dm. long; fruit 
scarlet, 5-7 mm. long. 
Japan and Korea-south central Alaska-Mich.-Mont.-Ore. Fig. 
764. 
34. AMMIACEAE (Carrot Family) 
Herbs, usually with hollow stems; leaves compound or decompound, 
rarely simple, the petioles dilated at the base and sheathing the st~m; 
flowers small, perfect or polygamous, in simple or compound umbels, 
the umbels usually subtended by bracts forming involucres for the 
primary umbels and involucels for the secondary umbels; calyx adhering 
to the ovary, its limb 5-toothed or obsolete; petals 5; stamens 5, inserted 
on the epigenous disc; anthers versatile; pistils of 2 united carpels, each 
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1-ovuled, the 2 distinct styles borne on more or less thickened bases 
(stylopodia) ; fruit of 2 distinct carpels separating at maturity; the inner 
faces form the commissure; each carpel usually with 5 primar y ribs 
and often secondary ribs between them, the space between them called 
the intervals. The pericarp usually has oil tubes in the intervals and on 
the commissural side. Some of the ribs are often winged. This family 
is often known as the UMBELLIFERAE. Determinations are easiest with 
mature fruit. 
lA. Fruit bristly. 
lB. Fruit globose or ovoid . ...... .. . .. . . . . ... . ... .. .. 1. Sanicula 
2B. Fruit linear .. . . .. . . . . . .... . ........ . . . . ...... .. .. 2. Osmorrhiza 
2A. Fruit smooth or slightly pubescent. 
lB. Leaves reduced to hollow, septate petioles . . . . . . . 3. Lilaeopsis 
2B. Leaves normal. 
lC. Leaves simple, linear-lanceolate . ... ... . . .. ... . . 4. Bupleurum 
2C. Leaves compound. 
lD. Fruit flattened dorsally (parallel to the commissure). 
lE. Flowers yellow. .. . . . . . . .. . . . . .. . . . . . . . . . . . 5. Pastinaca 
2E. Flowers white. 
lF. Leaf segments small. 
lG. Fruit 4-6 mm. long . . . . . . . . . . . . . . . . . . . . 6. Conioselinu m 
2G. Fruit 2.5--3 mm. long ....... . ....... . .. . 7. Cnidiu m 
2F. Leaf segments large. 
lG. Plant pubescent ............... ... . . . . . 8. Heracleum 
2G. Plant glabrous or nearly so . . . . . . . . . . . . 9. Angelica 
2D. Fruit terete or only slightly compressed. 
lE. Stems erect or ascending. 
lF. Ribs of fruit thick and corky .. . .... . .... 9. A ngelica 
2F. Ribs of fruit thin and acute . . . . . . . . .. .. .. 10. Ligusticum 
2E. Stems prostra te or spreading. 
lF. Plant tomentose . ... ....... . .. . . .... . .... . 11. Glehnia 
2F. Plant glabrous or nearly so ......... .. . . . 12. Oenanthe 
3D. Fruit flat tened laterally. 
lE. L eaves decompound . . . . .. .. .... . .. . . . . . .... 13. Cicuta 
2E. Leaves simply pinnate . . . . ...... . . . .. .. ... . 14. Sium 
1. SANICULA (Tourn.) L. 
Glabrous perennials; leaves alternate, palmately 3- to 7-lobed; 
flowers yellowish, in irregularly compound few-flowered umbels; calyx 
teeth foliaceous, lanceolate; fruit globose or ovoid, without ribs but 
covered with hooked bristles. (Latin, to heal.) 
S. marylandica L. Black Snakeroot. 
Stems 3-12 dm. tall; basal leaves large, long petioled, 3- to 5-divided 
to the base and the lateral divisions 2-cleft, all divisions irregularly 
serrate or dentate, often incised; pistillate flowers sessile, the staminate 
pedicelled; fruit 6-7 mm. long. 
Hot Springs, Liard River-Newf.-Ga.-Colo.-Wash. 
2. OSMORRHIZA Raf. 
Perennials from aromatic, clustered, fleshy roots; leaves ternately 
decompound; leaflets ovate or lanceolate, toothed or incised; involucres 
and involucels small or obsolete; umbels few-rayed, long-peduncled; 
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calyx teeth obsolete; stylopodium conic; fruit narrow, attenuate at the 
base, bristly on the ribs; oil tubes obsolete. (Greek, a scent and root.) 
lA. F ruit clavate .... . .......... . . . .. . .. . .. . .. .. . . ..... 1. 0 . obtusa 
2A. Fruit beaked. 
lB. Beak short, flowers purplish .. . . .. . ..... . ... . . . . 2. 0. purpurea 
2B. Beak about 2 mm. long, flowers white or greenish . 3. 0 . chilense 
1. 0. obtusa (Coult. & Rose) Fern. Blunt-fruited Sweet-Cicely. 
W ashingtonia obtusa Coult. & Rose. 
Stems 2-7 dm. tall; leaves biternate or ternate-pinnate; leaflets 15-50 
by 10-30 mm., rays of the umbels 2-5, divergent or reflexed, 2-5 cm. 
long; pedicels 2-5, divergent, 10-35 mm. long; fruit 12-17 mm. long, 
obtuse or abruptly acute ..at the apex, densely hispid at the base. 
Central Pacific coast of Alaska-Labr.-Newf.-Colo.-Ariz.-
Calif. Fig. 765. 
2. 0 . purpurea (Coult. & Rose) Suksd. Sitka Sweet-Cicely. 
W ashingtonia purpurea Coult. & Rose. 
Stems rather slender, 2-7 dm. tall; leaves 1- to 3-ternate; leaflets 
lanceolate to ovate, 15-70 by 5-40 mm., acute or acuminate, serrate to 
incised or lobed, usually hispidulous on the veins and margins; rays 
of the umbel 2-6, 20-75 mm. long; pedicels 5-25 mm. long; flowers 
purple or greenish-purple; styles 0.5-1 mm. long; fruit 10-13 mm. long, 
hispid at base only. 
Kodiak along the coast to Oregon. Fig. 766. 
3. 0 . chilense Hook. & Arn. Chile Sweet-Cicely. 
W ashingtonia divaricata Coult. & Rose. 
Stems 3-10 dm. tall; foliage somewhat pubescent or nearly glabrous; 
leaflets thin, 2-8 cm. long; umbels 3- to 7-rayed; fruit strongly beaked 
at the top, 12-20 mm. long, densely hispid at the base. 
Aleutians-Que.-N. Hamp.-Colo.-Ariz.-Calif. and in temperate 
South America. Fig. 767. 
3. LILAEOPSIS Greene. 
Small, creeping, glabrous perennial; flowers white, in simple umbels 
on scapes; fruit globose, somewhat flattened laterally; lateral ribs corky-
thickened. (Greek, resembling the genus Lilaea.) 
L. occidentalis Coult. & Rose. 
Stems rooting at the nodes; leaves 2-4 cm. long, linear, terete; 
peduncles shorter than the leaves; umbels 5- to 12-rayed; fruit ovoid, 
2 mm. long. 
Reported from southern Alaska but the report needs confirmation. 
Vancouver Isl.-central Calif. 
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4. BUPLEURUM L. 
Leaves simple, entire, clasping or perfoliate; involucre present in 
our species; involucels of 5 or more conspicuous ovate bractlets; calyx 
teeth obsolete; stylopodium flat, prominent; style short; fruit oblong, 
flattened laterally, with slender equal ribs. (Greek, ox-ribbed, from the 
veining of the leaves, not evident in our species.) 
B. americanum Coult. & Rose. American Thorough-wort. 
Perennial with a woody caudex; stems 1-3 dm. tall; basal leaves 
linear-lanceolate, 4-15 cm. long with parallel veins; stem leaves lanceo-
late and clasping; involucre and involucels prominent; flowers yellow or 
purplish; fruit oblong, 3-4 X 2-2.5 mm. 
Bering Sea-Yukon and in south Alta., Mont. , Idaho, Wyo. Fig. 768. 
5. PASTINACA L. 
Tall glabrous biennial; leaves pinnate, the leaflets broad; flowers 
yellow, in large compound umbels; fruit oval, much flattened dorsally, 
the lateral ribs broadly winged. (Latin, pastus, food.) 
P . sativa L . Common Garden Parsnip. 
Root fleshy, fusiform; stems stout, 5-15 dm. tall, grooved; leaflets 
ovate or oval, sessile, dentate and usually lobed, 2-10 cm. long; fruit 
5-7 X 4-6 mm. 
- Naturalized at Manly Hot Springs. Native of Europe but widely 
introduced as a weed. 
6. CONIOSELINUM Fisch. 
Tall, stout, glabrous perennials with thick roots; leaves ternate, 
then pinnately decompound, the leaflets lobed or toothed; flowers white, 
in compound umbels; involucres small or wanting; involucels composed 
of narrow, linear bractlets; calyx-teeth obsolete; stylopodium slightly 
conic; fruit flattened dorsally or nearly terete; ribs prominent. (Conium 
and Selinum are related genera.) 
( 
Lateral wings of the fruit much longer than the dorsal. . 1. C. benthami 
All the ribs with wings nearly equal .. .. .............. 2. C. cnidifolium 
1. C. benthami (Wats.) Fern. Western Hemlock-Parsley. 
C. gmelini Coult. & Rose, not Steud. 
Stems from tapering roots, 5-12 dm. tall; glaucous below but 
strigose in the inflorescence; ultimate leaf segments variable but broader 
than in C. cnidifolium; bractlets linear-subulate, longer than the pedicels; 
fruit 5-6 mm. long. A low form in the Bering Sea region is only 1-3 dm. 
tall. May not be specifically distinct from C. chinense (L.) B.S.P. 
Along the coast, east Asia-Point Hope and the Aleutians to Ore. 
Fig. 769. 
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2. C. cnidifolium (Turcz.) Fors. Dawson Hemlock-Parsley. 
C. dawsonii Coult. & Rose. 
Stems 4-10 dm. tall; ultimate leaf segments small and narrow with 
acute tips; bracts with foliose divided tips, deciduous; bractlets longer 
than the pedicels, ending in a long attenuation; fruit 4-5 mm. long. 
Siberia across Alaska to Mackenzie. Fig. 770. 
7. CNIDIUM Cusson. 
Stems from slender taproots, slender, erect and branching; leaves 
pinnately dissected; petioles sheathing; inflorescence of loose compound 
umbels; involucre usually wanting; involucels of several slender bract-
lets; rays numerous; flowers white; petals obovate with inflexed tips; 
fruit ovoid, slightly flattened dorsally; ribs prominently corky-winged. 
C. ajanense (Reg. & Tiling) Drude. 
Leaves resembling Conioselinum but less complex and ovate in out-
line; lateral wings of the carpels markedly longer than the dorsal; involu-
cels usually shorter than the pedicels. 
Central Yukon River district and eastern Asia. 
8. HERACLEUM L . 
Tall, stout, leafy-stemmed perennial; leaves large, ternately com-
pound; leaflets large and broad; flowers white, borne in large compound 
umbels; calyx teeth small or obsolete; stylopodium conic; fruit flattened 
dorsally, obovate, the lateral ribs with broad wings. (Named for Hercules 
of mythology.) 
H. lanatum Michx. Cow Parsnip. 
Very stout, 10-25 dm. tall, tomentose-pubescent; leaflets 1-3 dm. 
broad, stalked, palmately cleft and incised; base of petiole much dilated 
and wooly; bractlets subulate; fruit ovate or obcordate with conspicuous 
oil tubes, 9-12 mm. long. 
East Asia-Alaska-Lake Athabaska-Labr. - Ga. - Ariz. - Calif. 
Fig. 771. 
9. A..~GEUCA L. 
Ours stout, fistulose perennials from stout taproots; leaves ternately-
pinnately compound, the leaflets broad, sometimes lobed; inflorescence 
of large, compound umbels; flowers white, pinkish or greenish; calyx 
teeth minute or obsolete; fruit somewhat flattened dorsally. (Named for 
supposed medicinal virtues.) 
Oil tubes numerous, seed free in the pericarp at maturity. 1. A . lucida 
Oil tubes few, seed adhering to the pericarp ... ... . . ... .. . 2. A. genuflexa 
1. A. lucida L. Sea Coast Angelica. 
Coelopleurum gmelini (DC.) Ledeb. 
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Stems leafy, 5-12 dm. tall; leaves mostly tri-ternate, the petioles with 
much-inflated bases; leaflets rather thick, mostly ovate, coarsely and 
unevenly serrate, 3-8 cm. long; rays up to 50 or more; fruit ellipsoid, 
7-9 mm. long; pedicels 8-16 mm. long. 
East Asia across Alaska and Yukon to Labr.-N. Y.-Calif. Fig. 772. 
2. A. genuflexa Nutt. Bent-leaved Angelica. 
Stems 4-18 dm. tall, glabrous below the inflorescence; leaves 
ternate or biternate, the divisions pinnate, the primary divisions usually 
strongly deflexed; leaflets ovate or lanceolate, acuminate, irregularly 
but sharply serrate, 3-8 cm. long; fruit oblong, 4-5 mm. long. 
Mostly along the coast, east Asia to Calif. Fig. 773. 
10. LIGUSTICUM L. 
Glabrous perennials; bracts often deciduous; bractlets narrow; 
stylopodium conical; fruit oblong or ellipsoid, only slightly flattened 
laterally; ribs all prominent and nearly equal. (Named for Liguria in 
Italy.) 
Low alpine plant, leaves pinnate . . ... . ... .. ........... . 1. L. mutellinoides 
Tall marine plant, leaves biternate ... ..... . ... .. . . . . .. .. 2. L. hultenii 
1. L . mutellinoides (Crantz) Willar ssp. alpinum (Ledeb.) Thellung. 
L. macounii Coult. & Rose. 
Podistera macounii Mathias & Constance. 
Leaves 4-10 cm. long including the petioles; leaflets 3-7, broadly 
ovate, 2- to 3-lobed, again cleft or toothed, 3-15 mm. long; flowers yellow-
ish-green, in few-rayed umbels; bracts and bractlets rather narrow and 
only occasionally toothed; pedicels very short; fruit ovoid, 3-4 mm. long. 
Eurasia, in Alaska from Bering Sea to Eagle. Fig. 77 4. 
2. L. hultenii Fern. Hulten Sea Lovage. 
L. scoticum of reports. 
Stems more or less branched, 2-7 dm. tall; leaves mostly biternate, 
thick; leaflets broadly ovate, 15-60 mm. long, coarsely serrate; inflores-
cence glabrous; flowers white or pinkish; rays 2-5 cm. long; pedicels 
5-10 mm. long; fruit oblong, 6-10 mm. long. Closely related to L. scoticum 
of the Atlantic coasts and may be only a geographic race of that species. 
East Asia and the coasts of Alaska south to Vancouver Island. Fig. 
775. 
11. GLEHNIA Schmidt. 
Low, spreading or prostrate, subacaulescent, pubescent perennials; 
leaves coriaceous, once or twice ternate or ternate-pinnate; leaflets oblong-
ovate or cuneate with crenate-dentate margins; flowers white, the calyx 
teeth inconspicuous; fruit globose to ovoid-oblong, the ribs all corky-
winged, the wings broadest at the base. 
156 J. P. ANDERSON 
G. littoralis Schmidt ssp. leiocarpa (Mathias) Hult. 
G. leiocarpa Mathias. 
Leaflets 5-50 X 4-30 mm., hirtellous on the rachis and nerves above, 
tomentose beneath; inflorescence densely villous, usually shorter than 
the leaves; fruit 4-12 mm. long, nearly glabrous. 
Port Hobron to Calif., the species in east Asia. 
12. OENANTHE L. 
Glabrous aquatic or marsh plants; leaves bipinnate or ternate-pin-
. nate; flowers white, borne in compound umbels; calyx lobes evident; 
stylopodium conical or hemispherical; petals lobed or with an inflexed 
point; fruit ellipsoidal, terete, or slightly flatten~d laterally; oil tube 
solitary in the intervals, 2 on the commissural side. (Greek, wine and 
flower.) 
0. sarmentosa Presl. Water Parsley. 
Stems weak and reclining, 5-10 dm. long; leaflets ovate or lanceolate 
in outline, 1-5 cm. long, deeply toothed; rays 4-angled; bracts few; 
bractlets many, narrow; fruit short-pedicelled, 2.5-3.5 mm. long. 
Along the coast, south Alaska-central Calif. Fig. 776. 
13. CICUTA L . 
Tall, stout, glabrous or glaucous, poisonous perennials with short, 
more or less chambered rootstocks; leaves pinnate or pinnately com-
pound; leaflets serrate; flowers white, borne in large, compound umbels; 
bracts few or none; bractlets several, slender; calyx teeth prominent, 
acute; stylopodium low; fruit flattened laterally; ribs corky, the lateral 
strongest; oil-tubes solitary in the intervals, 2 on the commissural side. 
The poison is largely concentrated in the rootstocks and seed. (The 
ancient Latin name.) 
lA. Fruit oblong, longer than wide . ... ... . ... ... . . . ... . 1. C. maculata 
2A. Fruit orbicular, leaflets ovate to lanceolate . .. ..... . 2. C. douglasii 
3A. Fruit shorter than wide, leaflets linear or linear-
lanceolate ......... ..... . .. ... ... .. .... . . . ... . .. 3. C. mackenziana 
1. C. maculata L. Spotted Water Hemlock. 
Stems 10-25 dm. tall; leaves bipinnate; leaflets sharply serrate, 
3-8 cm. X 5-20 mm.; fruit about 3.25 X 2.75 mm., not constricted at the 
commissure; pedicels 5-15 mm. long. 
Central Alaska-Que.-N. Car.-Texas. Fig. 777. 
2. C. douglasii (DC.) Coult. & Rose. Western Water Hemlock. 
Stems 8-20 dm. tall; leaves usually bipinnate; leaflets ovate or lanceo-
late, deeply serrate to incised, 3-10 cm. long, veins prqmi~ent beneath; 
fruit 2-2.5 mm. long and wide, constricted at the commissure. 
South Alaska-Alta.-Mont.-N. Mex.-Calif. Fig. 778. 
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3. C. mackenziana Mackenzie Water Hemlock. 
Stems 5-15 run. tall; leaves once to thrice pinnate; leaflets linear-
lanceolate, 3-10 cm. X 2-10 mm., remotely serrate with forward-pointing 
teeth; fruit about 2 mm. long, 2-2.5 mm. wide, constricted at the com-
missure. 
Bering Sea-Mackenzie. Fig. 779. 
14. SIUM (Tourn.) L . 
Perennial marsh plants; leaves pinnate; leaflets serrate or pinnatifid; 
flowers in large compound umbels; involucre and involucels of numerous 
narrow bracts and bractlets; fruit oval in outline, glabrous, with promi-
nent and corky ribs. (Greek name of a marsh plant.) 
S. suave Walt. Hemlock Water Parsnip. 
S. cicutaefolium Schrank. 
Stems stout, 6-15 run. tall; leaflets linear or lanceolate, sharply ser-
rate, 3-10 cm. long, or if growing in water more or less dissected; fruit 
ovate, about 3 mm. long. 
Collected at Galena, east Asia-Newf.-Va.-central Calif.-B. C. 
Fig. 780. 
35. CORNACEAE (Dogwood Family) 
Herbs, shrubs or trees; leaves simple, alternate, opposite or whorled, 
usually entire; flowers perfect or unisexual, usually borne in cymes or 
heads; calyx adherent to the ovary, the flowers 4- or 5-merous; fruit a 
drupe, the stone 1- or 2-celled, 1- or 2-seeded. 
CORNUS (Tourn.) L. 
Flowers perfect, small, white or purplish; calyx small, 4-toothed; 
fruit a white or red drupe. (Greek, horn, from the toughness of the wood 
of some species.) 
IA. Shrub, flowers in cymes . .. ... . .... ... .. . .... .. . . .. 3. C. stolonifera 
2A. Perennial herbs, flowers in heads subtended by white petaloid involucral bracts. 
lB. Leaves whorled at the summit of the stem .. ..... 1. C. canad.ensis 
2B. Leaves opposite ........... . ........ . ... . .. .. .. . .. 2. C. suecica 
1. C. canadensis L. Bunchberry. 
Stems 1-3 run. tall from creeping rootstocks, with a whorl of 6 leaves 
at the summit and occasionally 1 or 2 pairs of smaller leaves or bracts 
below; leaves ovate or oval, acute at both ends, 3-7 cm. long, the two 
opposite ones being larger and broader than the intermediate ones; 
floral bracts usually 4, white or sometimes blotched with red; petals 
white or purplish, one of them bristly-tipped; fruit a bunch of orange-
red drupes; stone globose. 
Very common, east Asia and all the northern part of North America 
south to Va. and Calif. Fig. 781. Where the range of this species overlaps 
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the range of the next, hybrids are found. These are intermediate between 
the two species and were described as C. unalaskensis Ledeb. 
2. C. suecica L. Lapland Cornel. 
Leaves usually 3 pairs below the inflorescence, 2- to 6-leaved 
branches later arising on either side of the peduncle; leaves smaller than 
in C. canadensis, 5- to 7-veined; floral bracts usually 4, ovate; petals dark 
purple; drupes globose or ovoid, rose-red; stone slightly flattened and 
channeled on both sides. 
Distribution interrupted circumpolar south to Que. and Calif. Fig. 
782. 
3. C. stolonifera Michx. Red Osier Dogwood. 
C. stolonifera var. baileyi (Coult. & Evans) Drescher. 
Svida instolonea A. Nels. 
A branching shrub 1-3 m . tall; young branches and inflorescence 
appressed-pubescent; leaves only slightly paler beneath, thin, oval, ovate 
or elliptic, entire, acute or acuminate, strigose on both sides; corolla 
white; petals about 3 mm. long; fruit white; stone flattened, about 
5 mm. long. 
Central Alaska-Labr.-N ewf.-Va.-Mexico-Calif. Fig. 783. 
36. PYROLACEAE (Wintergreen Family) 
Rather low, evergreen perennials; leaves thick and leathery, usually 
clustered at the base of the stems; flowers perfect, often slightly irregular; 
sepals 4 or 5, persistent; corolla of 4 or 5 wax-like petals; stamens twice 
as many as the petals; ovary superior, 4- to 5-celled; styles united; 
stigmas 5-lobed; capsule loculicidal with many minute seeds. 
lA. Stems leafy, style very short. .. .. ... . .. ....... .. .. . 1. ChimaphHa 
2A. Stems scapose, styles evident. 
lB. Flowers solitary .. .. . ... . ... . . . . . . . . . . . . . . . .. . . . . 2. Moneses 
2B. Flowers borne in racemes ... .. . .. . . .. . . . . .. . . .. . . 3. Pyrola 
1. CHIMAPHILA Pursh. 
Stems decumbent with ascending leafy branches; leaves opposite 
or whorled, thick and shining; flowers borne in terminal corymbs; petals 
5, orbicular, concave; capsule erect, globose, 5-celled. (Greek, winter-
loving, from the evergreen leaves.) 
C. umbellata (L.) Bart. ssp. occidentalis (Rydb.) Hult. 
Pipsissewa, Prince's Pine. 
Stems 1-2 dm. tall; leaves whorled, oblanceolate, cuneate at the base, 
rounded or acute at the apex, sharply serrate, 3-7 cm. long; flowers 
3-7; petals reddish; capsule depressed-globose, 5-6 mm. in diameter. 
Southeast Alaska-N. S.-Ga.-Mex.-Calif. Fig. 784. 
2. MONESES Salish. 
Low glabrous perennial; rootstock slender; leaves coriaceous, ser-
rate, crowded at the end of the stem; flower nodding at the end of a long 
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peduncle; petals white or tinted rose; ovary globose; stigma peltate, 
usually 5-lobed; capsule subglobose. (Greek, single-delight.) 
M. uniflora (L.) Gray. Single Delight. Wax Flower. 
Pyrola uniflora L. 
Peduncles 4-12 cm. long; leaf blades 5-15 mm. long, crenate, rounded 
at the tip, rounded or cuneate at the base; sepals ovate, ciliolate, about 
3 mm. long; petals ovate, 6-9 mm. long; capsule 6-8 mm. in diameter. 
A robust form with leaves 8-25 mm. in diameter has been described 
as M. reticulata Nutt. It may be regarded as a variety. 
Woods, circumboreal south to Penn.-Colo.-Calif. F'ig. 785. 
3. PYROLA (Tourn. ) L. 
Glabrous perennials with stoloniferous rootstocks; leaves thick, 
most.ly basal; flowers in racemes, nodding; sepals 5, petals 5, concave, 
deciduous, spreading or connivent; anthers erect in bud, emarginate or 
2-beaked at the base and generally reversed at flowering time; ovary 
5-celled; stigma 5-lobed; fruit a 5-lobed capsule opening from the base. 
(Latin, diminutive of Pyrus, the pear, in reference to the leaves.) 
lA. Style curving, stigma narrower than the style. 
lB. Sepals little if at all longer than broad ......... 1. P. chlorantha 
2B. Sepals much longer than broad. 
lC. Petals white or greenish ..... ........ . . . . . . . ... 2. P . grandiflora 
2C. Petals pink to purple .......................... 3. P. asarifolia 
2A. Style straight; stigma capitate, broader. 
lB. Style included ................................... 4. P. minor 
2B. Style exerted ...... .... . ... ... ... . . ..... .... . ... . 5. P. secunda 
1. P. chlorantha Swartz. Greenish-flowered Wintergreen. 
Scapes 1-3 dm. tall, 3- to 10-flowered; leaves obscurely crenulate 
or entire, orbicular or broadly oval, rounded at both ends or sometimes 
mucronate at the apex, 1-3 cm. long; sepals triangular-ovate, about 1.5 
mm. long; petals greenish-white, about 6 mm. long; capsule about 7 mm. 
in diameter. 
Woods, Circumpolar, south to D. C., Ariz. , and Calif. Fig. 786. 
2. P. grandiflora Radius. Large-flowered Wintergreen. 
P . borealis Rydb. 
P . gormanii Rydb. 
P. occidentalis Rydb. 
Scapes 8-20 cm. tall; leaves orbicular or oval with light-colored 
veins, 15-50 mm. long; flowers 5-10, 15-22 mm. wide; sepals usually 
pinkish, about 3 mm. long; petals whitish 6-9 mm. long; fruit about 
8 mm. in diameter. 
Circumpolar, high arctic to Kenai Penin. and Quebec. Fig. 787. 
3. P. asarifolia Michx. Liver-leaf Wintergreen. 
P . uliginosa Torr. 
Scapes 15-40 cm. tall; leaves oval, orbicular or reniform, sometimes 
broader than long, crenulate, shining, 2-7 cm. long; sepals acute or 
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acuminate, about 3 mm. long; petals pink to purplish, oval, about 7 mm. 
long; capsules about 6 mm. in diameter. The tyipical form has leaves 
somewhat cordate at the base, the more common var. incarnata (DC.) 
Fern. has leaves with rounded or slightly cuneate· .bases. 
Woods, Siberia and Japan-Yukon-N. S.-Mass.-Mich.-S. Dak.-
N . Mex.-Calif. Fig. 788. 
4. P. minor L. Lesser Wintergreen. 
Erx lebania minor (L.) Rydb. 
Scapes 5-20 cm. tall; leaves orbicular or oval, slightly crenulate, 
obtuse or mucronate at the apex, rounded at the base, 15-40 X 10-30 mm. ; 
sepals triangular-ovate, about 1.5 mm. long; petals white or more usually 
pink, orbicular, 4-5 mm. long; style short, included; capsule about 5 mm. 
in diameter. 
Woods, circumpolar, south to Aleutians, Conn. , Colo., and Calif. 
Fig. 789. 
5. P. secunda L. One-sided Wintergreen. 
Ramischia secunda (L.) Gercke. 
Scapes usually several from a much-branched rootstock, 8-20 cm. 
tall; leaves elliptical, 15-35 mm. long, crenulate, acute 'or mucronate at 
the tip, rounded or narrowed at the base; flowers greenish-white in a 
one-sided raceme; pedicels short; calyx lobes triangular, obtuse, very 
short; petals oval, about 4 mm. long; capsule subglobose, about 4 mm. 
long. Var. obtusata Turcz. is a smaller growing form of central and 
northern Alaska. 
Woods, circumpolar, south to N. J. , N. Mex. , and Calif. Fig. 790. 
37. MONOTROPACEAE (Indian Pipe Family) 
Saprophytes growing in humus or root parasites without chlorophyll; 
leaves reduced to scales; flowers perfect, usually drooping; calyx 2- to 
6-parted; sepals erect, deciduous; petals distinct or partly united; stamens 
6-12, anthers 2-celled or confluently 1-celled; ovary superior. 4- to 
6-lobed, 1- to 6-celled; fruit a 1- to 6-celled loculicidal capsule with 
numerous seeds. 
Flower solitary; stigma naked .. . .... . ... . . . .. .. ... . ... l. Mon otropa 
Flowers racemose ; stigma hairy on the margin ..... . ... 2. H y pop i tys 
l. MONOTROPA L. 
Succulent white, yellowish or reddish plants; flower nodding, but 
the capusle erect; sepals 2-4; petals 5 or 6; stamens 10-12; capsule 5-celled, 
5-valved; seed with the testa prolonged at both ends. (Greek, once and 
turned.) 
M. uniflora L. Indian Pipe. 
Stems white or reddish, turning blackish in drying, 10-25 cm. tall; 
flowers 15-20 mm. long; capsule obtusely angled, 10-15 X 8-10 mm. 
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Rich woods, .Hyder-Newf.-Fla.-Mex.-Calif., and in Japan-
India. Fig. 791-.-·o-• ' 
2. HYP0PITYS (Dill.) Adans. 
Yellowish or reddish plants with sessile scales and the flowers in a 
nodding one-sided raceme which soon becomes erect; terminal flower 
5-merous, the lateral ones 3- to 4-merous; petals saccate at the base; 
stamens 6-10; anthers horizontal; ovary 3- to 5-celled; styles short; 
stigmas funnel-form with ciliate margins. (Greek, under a fir tree.) 
H. latisquama Rydb. Pinesap. 
Plant pinkish, slightly fragrant, pubescent above, 1-3 dm. tall; 
scales ovate, 10-15 mm. long; sepals spatulate or cuneate with acute 
tip, ciliate, 7-10 mm. long; petals obovate or cuneate, 10-15 mm. long, 
rounded and sinuate at the apex, ciliate and pubescent; capsule scaly, 
about 8 mm. long. 
Southeast Alaska-Mont.-N. Mex.-B. C. Fig. 792. 
38. ERICACEAE (Heath Family) 
Ours all shrubs or subshrubs; leaves simple, often leathery and 
persistent; flowers perfect, usually gamopetalous; calyx of 4 or 5 sepals, 
usually partly united; corolla regular or nearly so; stamens as many or 
twice as many as the corolla lobes; anthers 2-celled, the sacs often pro-
longed into tubes; ovary 2- to 5-celled; fruit a capsule, berry or drupe. 
lA. Fruit a septicidal capsule; corolla deciduous; anthers unappendaged. (RHo-
DODENDREAE) 
lB. Corolla of separate petals, capsule dehiscent from the base. 
lC. Leaves wooly beneath ...................... . .. 1. Ledum 
2C. Leaves glabrous and shiny. . . . . . . . . . . . . . . . . . . . . 2. Cladothamnus 
2B. Corolla gamopetalous, capsule dehiscent from the top. 
lC. Seed flat, winged. 
lD. Leaves evergreen .. .... .. . ..... . . ... ......... 3. Rhododendron 
2D. Leaves deciduous ............................ 4. Menziesia 
2C. Seed angled or rounded. 
lD. Stamens 5; capsule 2- to 5-celled ..... ... .... 5. Loiseleuria 
2D. Stamens 10; capsule 5-celled. 
lE. Corolla saucer-shaped. . . . . . . . . . . . . . . . . . . . . 6. Kalmia 
2E. Corolla ovoid .... ... ....................... . 7. Phyllodoce 
2A. Fruit a loculicidal capsule; anthers often awned. (ANDROMEDAE) 
lB. Low heath-like shrubs with small thick imbricate leaves; corolla 
campanulate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8. Cassiope 
2B. Shrubs; corolla urceolate or ovate-cylindric. 
lC. Anther cells beaked but not awned . .. . .... ... . 9. Chamaedaphne 
2C. Anther cells awned . ... .. .......... . . ......... 10. Andromeda 
3A. Fruit a drupe or the capsule enclosed by the fleshy accrescent calyx. 
lB. Fruit the fleshy calyx surrounding the ovary 
(GAULTHERIAE) ... . ......... .... .... ... ...... . .. 11. Gaultheria 
2B. Fruit a drupe with 4 or 5 nutlets. (ARBUTAE) .. . .... 12. Arctostaphylos 
1. LEDUM L. 
Resinous, branching, evergreen shrubs; leaves alternate, coriaceous, 
thick, with revolute margins; flowers white, from terminal scaly buds; 
calyx small, persistent, 5-lobed; corolla of 5 separate spreading petals; 
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stamens 5-10, exerted; anthers small, opening by terminal pores; ovary 
5-celled, stigma 5-lobed; capsule 5-valved. (Greek, from a plant now 
placed in a different family; Cistus ledon, the Rock Rose.) 
Leaves linear; stamens about 10 .. .... ..... . ..... .. ... . 1. L. decumbens 
Leaves oblong, stamens 5-10 ........................... 2. L. groenlandicum 
1. L. decumbens (Ait.) Lodd. Narrow-leaved Labrador Tea. 
L. pahistris decumbens (Ait.) Hult. 
Similar to L. groenlandicum but much smaller and more decumbent, 
1-5 dm. tall; leaves linear, 10-25 mm. long, 0.5-3 mm. wide; pedicels very 
pubescent. 
Common in muskegs and alpine situations, east Asia-Greenl.-
N ewf.-Skagway-Aleutians. Fig. 793. 
2. L. groenlandicum Oeder. Labrador Tea. 
L . pacificum Small. 
3-10 dm. tall; leaves oblong to linear-oblong, obtuse, strongly revo-
lute, densely red-wooly beneath, green and rugose above, 15-50 X 3-10 
mm.; flowers numerous; petals about 5 mm. long; stamens slender; 
pedicels 15-25 mm. long, recurved in fruit; capsule 4-6 mm. long. 
Muskegs and woods, central Alaska-Greenl.-Mass.-Pa.-Wash. 
Fig. 794. 
2. CLADOTHAMNUS Bong. 
Erect or ascending shrub; leaves alternate, deciduous, entire; flowers 
one or two, terminal; sepals and petals each 5, distinct or nearly so; 
stamens 10 with filaments dilated at the bases; style curving; stigma 
capitate; ovary and capsule 5-celled. (Greek, branch and bush.) 
C. pyrolaeflorus Bong. Copper Bush. 
6-12 dm. tall, the bark exfoliating; leaves ovate to oblanceolate, 15-
40 mm. long, shining above, paler beneath, mucronulate; sepals linear, 
acute; petals coppery pink, oblong, 10-12 mm. long; capsule flattened, 
about 6 mm. in diameter. 
Alpine and subalpine, southeast Alaska-Ore. Fig. 795. 
3. RHODODENDRON L. 
Ours evergreen shrubs or subshrubs; leaves alternate, entire, short-
petioled; calyx 5-parted, often small; corolla from rotate to campanulate, 
the limb 5-lobed, often somewhat irregular; stamens usually 10; anthers 
opening by pores at the apex; ovary 5- to 10-celled; capsule separating 
into 5-10 valves, seed numerous. (Greek, rose and wood.) 
Flowers 1-3 . .... .. . .... .. . . ............. .............. . 1. R. kamtschaticum 
Flowers several, borne in umbels . .. . . . .... . . ... .... . .. 2. R. lapponicum 
1. R. kamtschaticum Pall. Kamchatka Rhododendron. 
Thororhodion kamtschaticum (Pall.) Small. 
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A subshrub a few centimeters tall; leaves spatulate to obovate, 
15-35 mm. long, ciliate on the margins and on the veins beneath, cuneate 
at the base, rounded and mucronulate at the apex; flowers borne on the 
new growth; sepals ovate or elliptic, foliaceous and with ciliate margins, 
12-15 mm. long; corolla rose-purple, 35-45 mm. across, the lobes ovate 
with finely ciliate margins; base of corolla densely pubescent. Ssp. 
glandulosum (Standl.) Hult. is a lower-growing form more or less 
glandular on the leaf margins and the corolla nonciliate. · 
An Asiatic species extending into western Alaska, the subspecies in 
Seward Peninsula and lower Yukon valley. Fig. 796. 
2. R. lapponicum (L.) Wahl. Lapland Rose Bay. 
R. parvifolium Adams. 
A low, depressed, prostrate shrub 5-25 cm. tall; leaves oval or 
elliptic, obtuse, entire, 6-16 mm. long, more or less revolute on the 
margins, the lower surface brownish in age, both surfaces covered with 
scales as also the peduncles and capsule; corolla pinkish-purple, 15-20 
mm. broad; capsule ovoid, about 5 rrim. high. 
Alpine, in Alaska north of 63 degrees; circumpolar, south to New 
York. Fig. 797. 
4. MENZIESIA Smith. 
Erect branching shrubs; leaves deciduous, alternate, membranous; 
flowers 4-merous, in corymbs from terminal buds; calyx 4-lobed; corolla 
urceolate; stamens usually 8, included; anthers linear-sagittate, opening 
by terminal chinks; ovary 4-celled; stigma 4-lobed or toothed. (Archibald 
Menzies was a surgeon and naturalist.) 
M. ferruginea Smith. Rusty Menziesia. 
An odorous shrub 15-30 dm. tall; leaves oblanceolate, mucronate, 
hirsute above, on the margins and on the veins beneath, 2-6 cm. long; 
calyx ciliate-margined; corolla coppery pink, 7-9 mm. long; capsule 
ovoid. 
In woods, central Alaska-Wyo.-Ore. Fig. 798 . 
. 5. LOISELEURIA Desv. 
A low, glabrous, depressed, caespitose, evergreen subshrub; leaves 
small, linear-oblong, coriaceous, entire, obtuse, petioled; calyx deeply 
5-parted, the divisions ovate-lanceolate, reddish-purple, persistent; corolla 
campanulate, 5-lobed; stamens 5, opening by slits; ovary 2- or 3-celled; 
capsule 2- or 3-valved, the valves 2-cleft. (Loiseleur was a French 
botanist.) 
L. procumbens (L.) Desv. Alpine or Trailing Azalea. 
A diffusely-branched subshrub sometimes forming mats up to 2 or 
3 dm. in diameter but usually much smaller; leaves crowded, 3-7 mm. 
long, pale with a prominent ridge beneath; flowers pink or white, about 
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4 mm. long, in small terminal clusters; capsules 2-2.5 mm. in diameter. 
Mostly alpine, circumpolar, south to New Hampshire and the 49th 
parallel. Fig. 799. 
6. KALMIA L. 
Glabrous, evergreen shrubs; leaves in ours opposite; coriaceous; 
flowers in terminal or axillary corymbs with deciduous bracts; sepals 
5, coriaceous, persistent; corolla rotate, 10-keeled, 5-lobed; stamens 10; 
anthers at first enclosed in pouches of the corolla, awnless, opening by 
terminal pores; capsule 5-valved. (Peter Kalm_ was a pupil of Linnaeus.) 
K. polifolia Wang. Swamp Laurel. 
K. microphylla (Hook.) Heller. 
K. occidentalis Small. 
A sparingly branched shrub 1-3 dm. tall; leaves 15-35 mm. long, 
dark green above, glaucous beneath, entire, revolute; sepals purplish, 
ovate, concave, about 3 mm. long; corolla rose, 12-18 mm. wide; capsules 
about 4 mm. thick and 5 mm. long. 
Muskegs, southeast Alaska and Yukon-Newf.-Penn.-Mich.-
Mont.-Calif. Fig. 800. 
7. PHYLLODOCE Salish. 
Low, branching, evergreen shrubs; leaves narrow, coriaceous, 
crowded, linear, obtuse; flowers in terminal corymbs; sepals 5, per sistent; 
stamens 10, included; anthers awnless, opening by pores; filaments 
glabrous; capsule 5-valved to the middle; seeds minute, with coriaceous 
testa. (Greek, a sea nymph.) 
lA. Flowers blue . . ....... . ..... . ........... . . . , ........ . 1. P . coerulea 
2A. Flowers pink to red . . . . . . . ......... ..... ......... . 2. P . empetriformis 
3A. Flowers yellowish. 
lB. Corolla glandular-puberulent .................. . . 3. P . glandu liflora 
2B. Corolla glabrous .......... . ....... . ....... . ...... 4. P . aleutica 
1. P. coerulea (L.) Babingt. Blue Mountain Heather. 
8-15 cm. tall with ascending branches; leaves 4-10 mm. long, less 
than 2 mm. wide, their margins scabrous or serrulate; calyx teeth lanceo-
late, acute; pedicels glandular, elongating in fruit; corolla ovoid, 7-8 mm. 
long, glabrous; capsules about 4 mm. in diameter. Hybridizes with P. 
aleutica. 
Attu Island and east North America, Eurasia. Fig. 801. 
2. P. empetriformis (Smith) D. Don. Red or Purple Heather. 
Plants up to 15 cm. tall, tufted or matted; leaves 6-15 mm. long, 
revolute; calyx lobes ovate; corolla campanulate, pink to red, 7-9 mm. 
long; capsules globular, about 3 mm. in diameter. 
Southeast Alaska-Mack.-Alberta-Colo.-Calif. Fig. 802. 
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3. P. glanduliflora (Hook.) Cov. Yellow Heather. 
Stems 1-3 dm. tall; leaves subsessile, linear-oblong, serrulate, 
rugose, with a nar:row furrow above and a light, minutely hairy line 
below, 6-10 mm. long; pedicels, calyx and· corolla glandular-pubescent; 
sepals lanceolate, acute; corolla urceolate, about 8 mm. long . 
. South Alaska-Alta.-Wyo.-Ore. Fig. 803. · 
4. P. aleutica (Spreng.) A. Heller. Aleutian Heather. 
Plants up to 20 cm. tall; leaves linear, 5-11 mm. long, obtuse, ser-
rulate; calyx lobes linear to lanceolate; corolla globose-urceolate, 6-8 
mm. long. 
East Asia, Aleutians-Bering Sea region and Pr. William Sd. Fig. 
804. 
8. CASSIOPE D. Don. 
Low, branching, evergreen shrubs or subshrubs; leaves thick; 
flowers axillary or terminal, nodding on slender pedicels; sepals usually 
5, thickened at the base; corolla campanulate, usually 5-lobed; stamens 
included; anthers attached near the apex, opening by large terminal pores 
and tipped by recurving awns; style thickened below; capsule 4- to 5-
valved. (Cassiope of Greek mythology was mother of Andromeda.) 
IA. Leaves spreading, flowers terminal . .... .. ... . ..... . ... . . ... 1. C .. stelleriana 
2A. Leaves 4-rank.ed, appressed. 
IB. Leaves furrowed on back ............................... . . 2. C. tetragona 
2B. Leaves not furrowed on back. 
IC. Diameter of stem with appressed leaves 2.5 mm. or more . 3. C. mertensiana 
2C. Diameter of stem with appressed leaves I.5-2 mrri. ........ 4. C. lycopodioides 
1. C. stelleriana (Pall.) DC. Alaska Heather. 
Harrimanella stelleriana (Pall.) Cov. 
Stems 5-20 cm. long; leaves very numerous, oblanceolate, 3-5 mm. 
long, flattish above, slightly keeled beneath; calyx lobes oval with 
yellowish margins, about 3 mm. long; corolla white, lobed about half 
way to the base, about 6 mm. long; capsule erect. 
Alpine, east Asia and the Aleutians along the coast to Wash. Fig. 805. 
2. C. tetragona (L.) D. Don. Four-angled Mountain Heather. 
More or less decumbent at the base, the ascending branches 1-2 dm. 
tall; leaves very thick, ovate, 3-5 mm. long with a deep furrow on the 
back; peduncles 10-25 mm. long; sepals about 2.5 mm. long, acute; 
corolla white or pink, 5-6 mm. long; capsule much longer than the calyx; 
diameter of branches including leaves 4-5 mm. 
Alpine, east Asia and the Aleutians along the coast to. Wash. Fig. 806. 
j •• • ~ 
3. C. mertensiana (Bong.) D. Don. Mertens Mountain Heather. 
Similar to C. tetragona; leaves ovate-lanceolate, 2.5-4 mm. long, con-
cave above, round-keeled on the back; peduncles 8-15 mm. long; sepals 
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pinkish, ovate, acute, 2.5-3 mm. long; corolla white or pinkish, 6-8 mm. 
long; capsule a little longer than the calyx. 
Alpine, southeastern Alaska-Alta.-Mont.-Calif. Fig. 807. 
4. C. lycopodioides (Pall.) D. Don. Club-moss Mountain Heather. 
Stems more or less prostrate, 5-20 cm. long; leaves very closely 
and evenly appressed, 2-3 mm. long; sepals ovate, obtuse, the margins 
hyaline, about 2 mm. long; corolla white, about 6 mm. long, the ovate 
lobes nearly as long as the tube; capsule a little longer than the calyx. 
Rocky alpine, east Asia-Aleutians-southeast Alaska. Fig. 808. 
9. CHAMAEDAPHNE Moench. 
An erect branched shrub with rather slender terete branches; leaves 
alternate, coriaceous, evergreen; flowers in terminal, leafy racemes; calyx 
of 5 distinct sepals bracted at the base; corolla oblong-cylindric with 
5 recurved teeth; stamens 10, included; anthers-sacs tapering upward 
into tublar beaks, not awned; ovary 5-celled; capsule 5-valved. (Greek, 
ground or low Daphne.) 
C. calyculata (L.) Moench. Leather-leaf. 
Andromeda calyculata L. 
Cassandra calyculata (L.) D. Don. 
6-12 dm. tall with pubescent twigs; leaves thick, rugose above and 
covered underneath with minute, roundish, scurfy scales which often 
occur on the upper surface also, the margins minutely wavy toward the 
tips, 12-40 mm. long; corolla about 6 mm. long; capsule about 4 mm. in 
diameter, a little longer than the calyx. 
Swamps and wet woods, circumpolar, south to Ga.-Ill.-B. C. 
Fig. 809. 
10. ANDROMEDA L. 
A low, glabrous, evergreen shrub; leaves narrow, alternate, coria-
ceous, strongly r evolute; flowers in terminal corymbs; sepals 5, persistent; 
corolla globose-urceolate with 5 recurved teeth; stamens 10, included; 
filaments bearded; anthers with ascending awns; ovary 5-celled; capsule 
subglobose, 5-valved; seed shining. (In mythology Andromeda was a 
daughter of Cassiope.) 
A. polif olia L. Bog Rosemary. 
1-4 dm. tall; leaves oblong to linear, dark green above, glaucous 
beneath, 2-4 cm. long, mucronulate; pedicels 10-20 mm. long; sepals 
triangular, acute, about 1 mm. long; corolla pink, about 6 mm. long. 
Bogs, circumpolar, south to N. J.-Idaho-Wash. Fig. 810. 
11. GAULTHERIA (Kalm) L. 
Shrubs with hairy twigs; leaves alternate, coriaceous, evergreen; 
calyx 5-cleft, persistent; corolla urceolate or campanulate, 5-toothed or 
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lobed; stamens 10, included; filaments dilated above the base; anthers 
opening by terminal pores; capsule enclosed by the enlarged and fleshy 
calyx forming a berry-like fruit. (Named for Dr. Gaultier of Quebec.) 
Racemes many-flowered . ... .... .. ... . . .. .... . .. . ...... . 1. G. shallon 
Racemes 1- to 6-flowered . .. .......... ... ... . ......... . 2. G. miqueliana 
1. G. shallon Pursh. Salal. 
Partially decumbent or erect, stout, 2-12 dm. tall; leaves oval or 
ovate, serrate, mucronate, cordate at the base, 3-8 cm. long; flowers 
in glandular-pubescent bracted racemes; calyx with prominent, stiff, 
reddish-brown, glandular hairs; corolla ovoid, pubescent, 6-8 mm. long; 
filaments hairy; anthers with 4 awns; fruit purple. 
Southeast Alaska-Calif. Fig. 811. 
2. G. miqueliana Takeda. 
Stems up to 35 cm. tall, procumbent at the base, the branches ascend-
ing; leaves short-petioled, oval to oblong-oval, 15-35 X 8-16 mm.; calyx 
lobes triangular, glandular-pubescent on the back, the apex ciliolate; 
corolla ovoid-urceolate, about 5 mm. long; anthers 4-aristate at the apex; 
fruit globose, 10 mm. long. 
An east Asiatic species found on Kiska Island. 
12. ARCTOSTAPHYLOS Adans. 
Flowers in small, terminal, bracteolate racemes; calyx small, 4- to 
5-parted; corolla urceolate with 4 or 5 recurved lobes; stamens included; 
anthers with 2 recurved awns on the back; ovary 4- to 10-celled; fruit 
a drupe with 1-8 more or less coherent nutlets. (Greek, bear and bunch 
of grapes.) 
Stems long-trailing; leaves evergreen .. ...... . ... . .... 1. A. uva-ursi 
Stems short; leaves deciduous .... . .. .. ... . .. ....... ... 2. A. alpina 
1. A. uva-ursi (L.) Spreng. Bearberry. Kinnikinnick. 
Depressed and spreading over ground and rocks, forming patches 
sometimes 1-2 m. in diameter; leaves spatulate, reticulate, the apex 
rounded, the base cuneate; corolla white, 4-5 mm. long; fruit red, glo-
bose, 6-10 mm. in diameter, usually containing 5 coalesced nutlets. 
Circumpolar, south to Va.--J:ll.-N. Mex.-Calif. Fig. 812. 
2. A . alpina (L.) Spreng. 
Arctous alpina (L.) Niedzu. 
Mairania alpina (L.) Desv. 
Alpine Bearberry. 
A depressed, prostrate subshrub, 3-10 cm. tall; leaves spatulate or 
ovate, finely crenate, reticulate-veined, 15-30 mm. long; corolla white or 
pink; fruit bluish-black when ripe, 6-8 mm. in diameter. The typical 
form is usually alpine. In woods at lower elevations is variety rubra 
(Fern.) Rhed. & Wils. (A rubra Fern.) (Arctous erythrocarpa Small.) 
which is somewhat larger-growing and has red fruit. 
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Circumpolar, south to Newf., N. Hamp. and B. C., the var. in 
Alaska-Man.-B. C. Fig. 813. 
39. VACCINIACEAE (Blueberry Family) 
Ours all shrubs or trailing vines; leaves alternate, often coriaceous, 
simple, sometimes evergreen; flowers small, perfect, white, pink, or red, 
clustered or solitary; calyx tube adherent to the ovary, 4- or 5-toothed, 
-lobed or -parted; corolla gamopetalous with 4 or 5 lobes, or in Oxycoccus 
of nearly distinct free petals; stamens twice as many as the corolla-lobes; 
ovary 4- to 10-celled; fruit a berry. 
Petals united ... .. .. .. . .. ... . ... . ........ . ..... . . . ..... 1. V accinium 
Petals distinct and reflexed . .. .. ...... . . ... . . .. . . . . . . . 2. Oxycoccus 
1. V ACCINIUM L. 
Ours all branching shrubs; calyx lobes small; fruit a many-seeded 
berry with or without bloom. (Ancient Latin name for the blueberry.) 
lA. Corolla open campanulate; leaves evergreen . .. .... . . .. . ... 1. V . vitis-idea 
2A. Corolla cylindric to ur beolate; leaves deciduous. 
lB. Tall shrubs, 5 dm. or more tall. 
lC. Fruit red ..... . ... ... .. . . . ..... ..... . ... . . .... . .. . . . . . 3. V . parvifolium 
2C. Fruit blue or black. 
lD. Leaves finely serrulate. 
lE. Leaves firm, strongly reticulate .. . . ..... . .. ... . ... . 7. V. paludicola 
2E. Leaves thin, not reticulate . .. .. . ....... . . . . .. . ... . . 6. V . membranaceum 
2D. Leaf margins entire or nearly so. 
lE. Corolla ovoid; early-flowering .......... . .. .. . . . . . 4. V . ovalifoLium 
2E. Corolla depressed urceolate, flowering later ... . . . . 5. V. alaskensis 
2B. Low shrubs, less than 5 dm. tall. 
lC. Flowers arising from scaly buds on old wood . . .... ... 2. V. uliginosum 
2C. Flowers borne on current seasons growth. 
lD. Twigs distinctly angled, usually more than 
25 crp. tall. . . . . ... ... . . . ..... ... . ... . . ...... . . 7. V . paludicola 
2D. Twigs not distinctly angled, usually less than 
25 cm. tall . .. .. ... . .. . ...... . ... .. ........ .... . 8. V . caespitosum 
1. V. vitis-idea L. Mountain Cranberry. Lingen Berry. 
Low evergreen subshrub 5-15 cm. tall with a more or less creeping 
stem; leaves thick, obovate, green and shining above, pale and spotted 
beneath, 5-15 mm. long, the margins slightly revolute; corolla 4-lobed, 
light rose, about 5 mm. long; berry bright red, acid, 6-8 mm. in diameter. 
Our form is smaller than the European and · has been separated as 
subspecies minus Lodd. 
Circumpolar, the ssp. south to Mass., Minn., and Wash. Fig. 814. 
2. V. uliginosum L. Bog Blueberry. 
A much branched shrub 1-6 dm. tall; leaves obovate, thickish, entire, 
glaucescent and paler beneath, 1-2 cm. long; calyx lobes rounded; corolla 
light pink; berries blue-black with bloom, from oblate to cylindrical, 
6-15 mm. in diameter. This is the common blueberry of interior Alaska 
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and used in large quantities. In southeast Alaska it is largely a bog or 
alpine dweller and not much used. 
Circumpolar, south to Newf., Maine, N. Y. , B. C. Fig. 815. 
3. V . parvifolium Smith. Red Huckleberry. 
5-15 dm. tall with green, sharply-angled branches; leaves oblong or 
oval, obtuse or rounded at both ends, mucronulate, 1-3 cm. long, entire 
except on basal shoots on which they are often serrulate and evergreen; 
flowers solitary and axillary; fruit red, translucent, pleasantly acid, 7-10 
mm. in diameter. 
South Alaska-Idaho-Calif. Fig. 816. 
4. V . ovalifolium Smith. Early Blueberry. 
5-15 dm. tall with slender twigs; leaves glabrous, entire, 15-50 mm. 
long, pale and glaucous beneath; flowers solitary, preceding the leaves; 
corolla light pink, 5-7 mm. long; fruit blue with bloom; globular or 
slightly oblate, 8-12 mm. in diameter. 
This and the next species furnish most of the blueberries gathered 
in the Pacific coast region of Alaska. Japan-Aleutians-Oregon, and in 
eastern North America. Fig. 817. 
5. V. alaskensis Howell. Alaska Blueberry. 
A shrub 6-18 dm. tall with stout reddish twigs; leaves oval, paler 
beneath, acute, entire or irregularly serrulate, 2-7 cm. long; flowers 
borne singly, appearing with the leaves; corolla depressed urceolate, 
green shaded red; berry variable, from depressed-globose to pyriform, 
reddish-black to blue-black, with or without bloom, 10-15 ~. in diam-
eter. 
Woods, Prince William Sound-Ore. Fig. 818. 
6. V . membranaceum Dougl. Thin-leaved Blueberry. 
A widely spreading shrub with angled twigs, 3-12 dm. tall; leaves 
oval, thin, very finely serrate, only slightly paler beneath, 2-7 cm. long, 
mucronulate at the apex; corolla depressed-globose; fruit globose or 
slightly oblate, dark purple to black, 8-10 mm. in diameter. 
Southeast Alaska-Mich.-Ore. Fig. 819. 
7. V. paludicola Camp. Swamp Blueberry. 
Stems 15-60 cm. tall, the branches angled and puberulent; leaves 
elliptic-obovate, subcoriaceous, green and shining, the margins minutely 
glandular serrulate, 20-35 X 10-15 mm.; corolla ovoid-urceolate, pink, 
about 6 mm. long; berry with bloom, about 10 mm. in diameter. 
Swampy places, southeast Alaska and B. C. Fig. 820. 
8. V . caespitosa Michx. Dwarf Blueberry. 
Stems much branched, 6-25 cm. tall; leaves obovate, often cuneate 
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at the base, serrulate, the teeth mucronulate, somewhat rugose above 
and net-veined beneath, 1-3 cm. long; flowers pink; berry blue with 
bloom, 6-8 mm. in diameter, quite sweet. Resembles a low-growing, 
small-fruited V. paludicola. 
Central Alaska-Labr.-Maine-N. Y.-Wis.-Colo. 
2. OXYCOCCUS (Tourn.) Hill. 
Delicate trailing or creeping vines; leaves small, alternate, nearly 
sessile, persistent; flowers solitary or few, pendulous, slender peduncled, 
red or pink; petals 4, narrow, recurved; stamens 8; anther-sacs prolonged 
into slender tubes with terminal pores; fruit a globose or ellipsoid, acid, 
red berry. (Greek, sour berry.) 
0. microcarpus Turcz. Swamp Cranberry. 
0. oxycoccus and 0. intermedia of reports from Alaska. 
Stems very slender, creeping through the moss and rooting at the 
nodes, 1-4 dm. long; leaves thick and leathery, ovate with rounded bases 
and revolute margins, acute at the apex, whitish underneath, 4-8 mm. 
long; flowers 1-4, terminal; petals 4-6 mm. long, berry globose to ellip-
soid, 6-10 mm. in diameter. 
Circumpolar, south to Manit?ba and Alberta. Fig. 821. 
40. DIAPENSIACEAE (Diapensia Family) 
Ours a low, tufted subshrub; leaves simple, alternate or basal, per-
sistent; flowers perfect, axillary, regular; calyx 5-parted, persistent; 
corolla 5-lobed, 5-cleft, or 5-parted, deciduous; stamens 5, in ours inserted 
on the corolla tube and alternate with its lobes; ovary superior, 3-
celled; style persistent; stigma 3-lobed; capsule 3-celled, 3-valved; seed 
minute. 
DIAPENSIA L. 
Glabrous densely tufted subshrubs; leaves thick and firm; flowers 
on erect peduncles, white or pink; calyx bracted at the base, the sepals 
oval, obtuse, firm; corolla campanulate, 5-lobed; stamens inserted in the 
sinuses of the corolla; seed reticulated. (Greek, by fives.) 
D. lapponica L. ssp. obovata (F. Schmidt) Hult. Diapensia. 
Stems usually much branched forming dense cushion-like tufts; 
leaves crowded, spatulate, sessile, rounded at the apex, usually curved, 
entire, 4-10 mm. long; peduncles becoming 2-4 cm. long in fruit; corolla 
whitish; 7-8 mm. long. 
Alpine-arctic, east Asia and Alaska, the typical D. lapponica in 
east North America and Eurasia. Fig. 822. 
41. PRIMULACEAE (Primrose Family) 
Annual or perennial herbs; leaves simple; flowers perfect, regular; 
sepals 4-9, partially united; corolla lobes 4-9; stamens as many as the 
corolla lobes and opposite them, partly adnate to the tube; ovary 
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I-celled with free central placenta; fruit a I-celled capsule opening by 
2-8 valves. 
lA. Leaves all basal; flowers borne on scapes. 
lB. Corolla lobes reflexed .... ... ....... . ... . ........ 1. Dodecatheon 
2B. Corolla lobes erect or spreading. 
lC. Corolla tube shorter than the calyx .. . .. . ..... 2. Androsace 
2C. Corolla tube equaling or exceeding the calyx. 
lD. Corolla open at the throat ...... ... .... . . .... 3. Primula 
2D. Corolla crested at the throat ... .. .... ... . . . 4. Douglasia 
2A. Stems leafy. 
lB. Flowers in rather dense clusters .... .. . ..... . .. . 5. Lysimachia 
2B. Flowers sessile in the axils ... . . . ..... .. ... .. .. . . 6. Glaux 
3B. Flowers on long axillary peduncles . ..... .. . . .... 7. Trientalis 
1. DODECATHEON L. 
Perennials with leaves in basal rosettes; flowers borne in an involu-
crate umbel on a naked scape; calyx 5-lobed, persistent, reflexed in 
flowering; corolla 4- or 5-parted, the lobes reflexed, the tube short; 
stamens 5, their filaments united, their anthers long and attached by 
their bases; ovary superior; style filiform; stigma capitate; ovules numer-
ous. The various species of this genus are known as Shooting Stars or 
as Bird Bills. (Greek, twelve gods.) 
lA. Anthers with a distinct filament tube. 
lB. Filament tube one-half as long as the anther or longer.1. D. pauciflorum 
2B. Filament tube less than one-half as long as the anther .. . 2. D. macrocarpum 
2A. Filament tube very short or none. 
lB. Leaves broad with rounded or truncate base .. . .. . .. . ... 3. D. frigidum 
2B. Leaves gradually narrowed into a bordered petiole ... .. . 4. D. viviparum 
1. D. pauciflorum (Durand) Greene. 
Leaves glabrous, 3-10 cm. long; blades oblanceolate, entire; scapes 
I- to IO-flowered; corolla purple; anthers 4-5 mm. long. This and the 
following may be races of the same species. The form mostly reported 
under this name is in reality the next. 
Yukon-Gt. Slave L.-Sask.-Nebr.-Utah. 
2. D. macrocarpum (Gray) Knuth. 
D. superbum Pennell & Stair. 
Rootstock usually short; leaves variable, oblanceolate, spatulate-
oblong or ovate, up to 25 cm. long including the petiole, entire or sinuate-
dentate; scapes up to 45 cm. tall in fruit, 3- to many-flowered, glabrous 
or slightly ·glandular in the inflorescence; corolla pale at the base, the 
violet or rose-purple lobes IO-I8 mm. long; filament-tube yellow; capsule 
cylindric, I2-I 7 mm. long. The form with wide, ovate leaves has been 
described as var. alaskanum Hult. 
Kodiak Isl.-Tanacross-W ash. Fig. 825. 
3. D. frigidum C. & S. 
Leaves ovate, obtuse, the margins usually wavy, 2-5 cm. long on 
petioles up to 7 cm. long; scapes 10-35 cm. tall, I- to 7-flowered, glabrous 
below, glandular in the inflorescence; corolla lobes 5, 10-18 mm. long, 
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bluish or rose-purple; filaments 1 mm. or less long; anthers acute, 4-6 
mm. long, purple; capsule 1 cm. or less long. 
East Siberia-arctic Alaska-lower Mackenzie R.-northeast B. C. 
Fig. 823. 
4. D. viviparum Greene. 
D. integrifolium Michx. pro parte. 
Rootstock stout; leaves oblanceolate, thick, up to 25 cm. long 
including petiole, occasionally denticulate; scapes up to 6 dm. long in 
fruit, few-flowered, glandular in the inflorescence; corolla lobes 4, up to 
25 mm. long, purplish with a yellow ring around the base and purple 
at the base of the stamens; anthers purple, almost sessile, 6-10 mm. long. 
Prince William Sound to Ore. Fig. 824. 
2. ANDROSACE (Tourn.) L. 
Low herbs with a dense basal tuft of leaves; flowers small, borne 
singly or in umbels on a scape; calyx 5-lobed or 5-parted; corolla salver-
or funnel-form; the tube shorter than the calyx, the limb 5-lobed; stamens 
;;., included; style very short; stigma capitate; capsule 5-valved, 2- to 
many-seeded. (Greek, man's shield, from the shape of the leaf of some 
species.) 
lA. Plant low, cushion-like ........................... 4. A . ochotensis 
2A. Plant with rosulate basal leaves. 
lB. Stemmed, caespitose perennial ........ .... ... . .. . 1. A. chamaejasme 
lehmanniana 
2B. Plants acaulescent. 
lC. Umbels several- to many-flowered ...... ... .. 2. A. septentrionalis 
2C. Umbels 1- or 2-fiowered ....................... . 3. A. alaskana 
1. A. chamaejasme Host. ssp. lehmanniana (Spreng.) Hult. 
A. carinata Torr. 
Stems branched with the leaves in rosulate clusters at the ends of 
the branches; leaves oblanceolate, 4-10 mm. long; scapes usually less than 
10 cm. tall; bracts narrow, acute; calyx about 2.5 mm. long, its lobes oval 
or oblong, obtuse; corolla cream-colored with yellow eye, the limb 8-10 
mm. across. Var. andersonii Hult. has bracts more or less saccate at the 
base. 
Eurasia-Victoria Isl.-Mackenzie delta-Kodiak-Aleutians. Fig. 
826. 
2. A. septentrionalis L. 
A winter annual with a cushion of leaves at the base; leaves oblan-
ceolate or oblong, acute, somewhat pubescent, denticulate or entire, 
4-40 mm. long; scapes nearly glabrous, 6-40 cm. tall; bracts subulate, 
calyx about 3 mm. long, its lobes triangular with a rib to the base of the 
calyx; corolla white, small, slightly exceeding the calyx. 
Eurasia-Victoria Isl.-Ellesmereland-N. Mex.-Calif: Fig. 827. 
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3. A. alaskana Cov. & Stand!. 
Leaves in a dense rosette at the top of a perennial c~mdex, ciliate on 
the margins and usually more or less pubescent on upper surface, 
usually 3-toothed at the apex, up to 25 mm. long; scapes several to 
many, 1- or 2-flowered, pubescent with simple and forked hairs when 
young, glabrate in age, up to 14 cm. long; flowers sessile with one 
lanceolate bract at the base of each flower; calyx about 5 mm. long; 
corolla slightly exceeding the calyx; seed dark brown, angular, 2-2.5 mm. 
long. 
Alpine, Seward and Shumagin Islands. Fig. 828. 
4. A. ochotensis Willd. 
Cushions 1-3 cm. high; leaves 4-8 X 1-2 mm., obtuse, ciliate on the 
margins and more or less hirsute on the upper surface; peduncles 4-15 
mm. long; calyx in fruit 2-2.5 mm. long, the teeth lanceolate; corolla 
rose-purple, its tube as long as or longer than the calyx. 
East Siberia-Cape Lisburne-St. Matthew Isl. Fig. 829. 
3. PRIMULA L. 
Perennials with leaves in a basal rosette; flowers borne in an umbel 
at the top of a scape; calyx persistent, 5-toothed, usually angled; corolla 
funnel-form or salver-form, the tube equaling or exceeding the calyx; 
stamens 5, inserted on the tube or throat of the corolla; capsule 1-celled, 
5-valved at the summit, many-seeded. (Latin, first, from the early 
blooming habits of some species.) 
lA. Lobes of corolla entire. 
lB. Leafless sheaths at base lacking ..... . ..... . ... .. .... .. 9. P. nivalis 
2B. Leafless sheaths at base present .... . . . . .... .. . . ..... . 10. P. tschuktschorum 
2A. Lobes of corolla emarginate or obcordate ." 
lB. Lobes of corolla very deeply cordate ........... . . ... . 1. P. cuneifolia 
2B. Lobes of corolla less deeply cleft. 
lC. Bracts of the involucre oblong with saccate auricles 
at the base ......... . ....... . . ... .... .... ..... ... 8. P. sibirica 
2C. Bracts of the involucre tapering to a point. 
lD. Flowers small, leaves mostly entire .. . .......... . 4. P. egalikensis 
2D. Flowers larger, leaves mostly toothed. 
lE. Scapes usually less than 1 dm. tall. 
lF. Flowers pale, the limb usually less than 
10 mm. across . ....... . ..... ... ... . .... .. ... . 6. P. parvifolia 
2F. Flowers lilac or rose-purple. 
lG. Limb of corolla 12-20 mm. across .. ... . ... . .. 5. P . borealis 
2G. Limb of corolla smaller ..... . .. . .. . ........ . 7. P. mistassinica 
2E. Plants usually more than 1 dm. tall. 
lF. Leaves copiously farinose beneath ... . ... . . ..... 3. P . incana 
2F. Leaves green beneath or only slightly farinose. 
lG. Limb of corolla 5-8 mm. broad . .... ..... ." .. . 2. P. stricta 
2G. Limb of corolla 12-20 mm. broad ............ 5. P . borealis 
1. P. cuneifolia Ledeb. Wedge-leaved Primrose. 
Leaf blades spatulate to oblanceolate, cuneate at the base, rounded 
and toothed at the apex, 10-25 mm. long; scapes elongating in fruit, 
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25 mm. to 25 cm. tall, 1- to 5-flowered; calyx 2-4 mm. long, its teeth 
lanceolate; corolla pink to purplish, the limb 12-25 mm. across, the lobes 
deeply cleft. The ssp. saxifragaefolia (Lehm.) Hult. is the smaller, more 
common form. 
Typical form is Asiatic, extending into the western Aleutians and 
Seward Penin., the ssp., from the Aleutians to southeast Alaska. Fig. 830. 
2. P. stricta Hornem. 
Leaves green or sparingly farinose beneath, oblanceolate to narrowly 
ovate, 5-40 X 2-15 mm.; scapes 2-30 cm. tall, rather stout; bracts lance-
subulate, usually somewhat saccate or gibbous at the base, 3-8 mm. long; 
umbel 2- to 8-flowered; calyx urceolate-campanulate, 4-6 mm. long at 
maturity, the lobes one-half as long as the tube; corolla lilac or violet, 
the lobes shallowly notched; capsule slightly longer than the calyx. 
Of scattered circumpolar distribution, south to Que., Ont., Alta. 
3. P. incana Jones. 
Leaves farinose beneath, elliptic, oblong-ovate or spatulate, 15-80 
X 5-20 mm., shallowly denticulate; scapes 5-45 cm. tall, 2- to 14-flowered; 
bracts lanceolate to linear-oblong, flat, broadly gibbous at the base, 
5-10 mm. long, usually equaling or exceeding the flowering pedicels; 
fruiting pedicels up to 25 mm. long; calyx farinose, the lobes shorter 
than the tube; corolla lilac, the limb 6-10 mm. broad; capsule ellipsoid, 
only slightly exceeding the calyx. 
Central Alaska-Mack.-Colo.-Utah. 
4. P. egalikensis Wormskj. Greenland Primrose. 
Leaves oval or lance-ovate, narrowed into winged petioles, the 
whole 6-20 mm. long, the margins entire or wavy; scapes slender, 5-23 
cm. tall; . umbel 1- to 9-flowered; bracts lanceolate, acuminate, dilated 
and somewhat saccate at the base; calyx 3-6 mm. long, the teeth short 
and acute; corolla tube yellow, the limb white, 4-8 mm. broad, the lobes 
cleft one-third to one-half their length; capsules slender, more than 
twice as long as the calyx. 
West Alaska-Greenl.-N ewf.-Que.-Alta.-B. C. 
5. P. borealis Duby. Northern Primrose. 
Leaves cuneate-obovate to rhombic-spatulate, 6-45 mm. long in- · 
eluding the margined petiole, more or less dentate above; scapes usually 
5-10 cm. tall, sometimes taller; 1- to 10-flowered; bracts lance-subulate, 
dilated and often slightly saccate at the base; calyx 5-6 mm. long in 
fruit , the lobes nearly equaling the tube; capsule cylindric, slightly 
exceeding the calyx. Var. ajanensis (Busch) Hult. is usually somewhat 
smaller and is farinose on the lower surface of the leaves and in the 
inflorescence. 
Asia-west Alaska-Banks Land. Fig. 831. 
• 
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6. P. parvifolia Duby. Small-leaved Primrose. 
Leaves cuneate-obovate, spatulate or rhombic, denticulate, the 
lower scarcely petioled; scapes 4-10 cm. tall, rarely taller, 2- to 9-flowered; 
bracts lance- or linear-subulate, 2-5 mm. long, dilated and thickened but 
not saccate at the base; calyx 3-5 mm. long, the lobes about equaling the 
tube. Closely related to the preceding. 
Asia, the Bering Sea and Seward Peninsula region. 
7. P . mistassinica Michx. Lake Mistassini Primrose. 
Variable, leaves oblanceolate, spatulate, or cuneate-obovate, 5-70 
X 2-6 mm. , many of them dentate; scapes 3-21 cm. tall, 1- to 10-flowered; 
bracts linear-subulate, usually not saccate at the base, 2-6 mm. long; 
pedicels filiform, much exceeding the bracts; calyx 3-6 mm. long, the 
lobes equaling the tube; corolla tube yellow, the limb pink to bluish 
purple, 8-20 mm. broad; capsule subcylindric, 2-3 mm. in diameter, one 
and one-half times as long as the calyx. 
East Alaska and Yukon-Labr.-Newf.-Maine-Mich.-Wis.-
Minn.-B. C. 
8. P . sibirica Jacq. Siberian Primrose. 
Leaves oval or elliptic, the blade 6-25 mm. long, the petioles often 
longer than the blade, the margins entire or minutely denticulate; scape 
slender, 5-20 cm. tall, 1- to 4-flowered; bracts oblong or obovate, 4-11 mm. 
long; calyx at maturity 5-6 mm. long, the tube twice as long as the 
oblong-ovate lobes; corolla lilac, the limb 10-18 mm. broad; capsule 
narrow, usually twice as long as the calyx. 
Arctic Eur asia, Alaska and Yukon. Fig. 832. 
9. P. nivalis Pall. Snow Primrose. 
Leaves elliptic to oblanceolate, up to 12 cm. or more long including 
the margined petiole, evenly serrate, farinose below; scapes stout, 1-2 dm. 
tall, 2- to 10-flowered; pedicels up to 4 cm. long in fruit; corolla lilac-
purple; capsule 12-15 mm. long. 
An east Asia species found around Cape Prince of Wales. 
10. P . tschuktschorum Kjellm. Chukch Primrose. 
P. eximia Greene and P . macounii Greene. 
Rootstock thick and short; leaves oblanceolate to ovate, sometimes 
quite narrow, the margins entire to crenate-dentate or serrate, 3-9 cm. 
long; scapes stout, 4-24 cm. tall, farinose in the inflorescence, few- to 
many-flowered; calyx 5-8 mm. long, the lobes about twice as long as 
the tube; corolla violet with lavender eye, the limb spreading, 12-20 mm. 
broad; capsule up to 20 mm. long. 
East Asia and west Alaska. Fig. 833. 
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4. DOUGLASIA Lindi. 
Low, perennial, cushion plants, suffrutescent at the base; leaves 
linear, imbricated, persistent, the dried ones covering the branches; 
flowers in our species solitary; calyx 5-angled, lobed to about the middle; 
corolla pink or violet; ovary 1-celled, usually 2- or 3-seeded; seeds 
brown, pitted. (David Douglas of Scotland made botanical explorations 
in northwest America.) 
Leaves glabrous with ciliate margins . .... .. . . ... . ..... . . 1. D. ar cti ca 
Leaves stellate pubescent ... . . .... . . . .. .. . . . . . . ........ . 2. D. gormanii 
1. D. arctica Hook. 
2-5 cm. tall; leaves closely imbricated; peduncles stellate-canescent; 
leaves narrowly oblanceolate, 4-8 X 1-2 mm., obtuse, thin, entire; 
calyx campanulate-turbinate, the lobes lanceolate, mucronate, 2 mm. 
long; corolla rose-pink, the tube 5-6 mm. long, the lobes cuneate, 3 mm. 
long, erose. 
Arctic coast of Yukon to the Mackenzie R. 
2. D. gorm anii Const. 
Leaves appressed, pubescent with simple and forked hairs, 4-10 X 
1-2 mm., withering persistent and thickly investing the branches; pedun-
cles stellate-pubescent, from very short to 3 cm. long in fruit; corolla 
rose-pink. 
Central Alaska-Yukon. Fig. 834. 
5. LYSIMACHIA (Tourn.) L . 
Ours an erect, perennial, leafy marsh plant; leaves opposite, entire, 
rather narrow, the lower ones reduced; flowers yellow, in peduncled 
axillary spikes; sepals linear, 5-7; corolla deeply 5- to 7-parted with 
narrow lobes; stamens 5-7, exerted, alternating with small sterile stamin-
odia. (Greek, release and strife.) 
L . thyrsiflora L. Tufted Loosestrife. 
Naumburgia thyrsiflora (L.) Duby. 
Stem simple, 3- 7 dm. tall; leaves sessile, linear to lanceolate, 5-10 
cm. X 8-24 mm., acute, spotted, the lower ones reduced to scales; spike 
head-like, on peduncles 1-3 cm. long; pedicels short; calyx about 3 mm. 
long, spotted; corolla about 7 mm. long, the divisions linear and spotted 
near the apex. 
Circumpolar, south to Penn. and Colo. Fig. 835. 
6. GLAUX (Tourn.) L . 
A low succulent perennial; leaves opposite, entire; flowers small, 
axillary, white or pinkish; corolla none; calyx campanulate and fleshy, 
colored like a corolla; stamens 5, inserted at the base of the calyx; 
capsule 5-valved at the summit; seeds few. (Greek, sea green.) 
G. maritima L. Sea Milkwort. 
Stems very leafy, usually simple but often branched, 5-25 cm. tall; 
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leaves sessile, oval to linear oblong, 5-20 mm. long; calyx 3-4 mm. long, 
the lobes oval. 
Sea beaches and salt marshes, circumpolar, south to N. J. and Calif. 
Fig. 836. 
7. TRIENTALIS L . 
Low perennials with tuberous rootstocks; stems simple with one to 
several small leaves along the stem and a cluster of larger leaves at the 
top; flowers few, often solitary, borne on slender peduncles from the 
axils of the upper leaves; corolla rotate, white or pinkish, parted to near 
the base; capsule 5-valved, few-seeded. (Latin, one third of a foot, 
referring to the height of some of the plants.) 
T. europea L. Star Flower. 
Stems usually 1 dm. or less tall but may reach 2 dm.; leaves obovate 
or oblanceolate, cuneate at the base, 1-8 cm. long; flowers 1-3; sepals 
usually 7, narrow; corolla 12-18 mm. broad, 5- to 7-lobed; stamens mostly 
7, arising from a ring at the base of the corolla; seed covered by a fine 
white network. The typical form occurs in the interior but most of the 
collections from our area are of the ssp. arctica (Fisch.) Hult. 
East Asia-Athabasca region-B. C.-Aleutians. Fig. 837. 
42. PLUMBAGINACEAE (Plumbago Family) 
Ours a perennial herb; leaves basal and tufted; flowers small, 
perfect, regular; calyx tubular or funnelform, 5-toothed, plaited at the 
sinuses; stamens 5, opposite the corolla segments; anthers 2-celled; 
ovule solitary; fruit a utricle or achene enclosed by the calyx. 
ARMERIA Willd. 
Tufted fleshy herb; leaves narrow, in dense tufts; flowers in dense 
heads on naked scapes, subtended by bracts, the outer ones forming 
a sort of involucre, the lower ones reflexed and more or less united into 
a sheath. (An old Latin name.) 
A. maritima (Mill.) Willd. Sea Pink. 
4. vulgaris arctica (Wallr.) Hult. 
· Statice armeria L. 
Scapes 1- 4 dm. tall; heads densely glomerate, leaves narrowly 
linear; bracts wide with rounded apex, the inner scarious; calyx scarious 
with dark, thickened base and ribs, pubescent at the base and on the 
ribs; corolla pink, purple, or white. Occurs in two forms. Var. sibirica 
(Turcz.) Lawr. Outer bracts one-half as long as the inner or less; leaves 
6 cm. or less long. Var. purpurea (Mert. & Koch) Lawr. Outer bracts 
more than half as long as the inner; leaves flat, recurved or slightly 
contorted and canaliculate, 3-18 cm. long. 
Circumpolar, var. sibirica arctic coast; var. purpurea Kotzebue and 
Aleutians-southeast Alaska. Fig. 838. 
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731. Geranium erianthum DC. Sepal, petal and leaf. 
732. Geranium sanguineum L. Sepal and leaf. 
733. Geranium bickneUii Britt. Fruit and leaf. 
734. Linum perenne lewisii (Pursh) Hult. Leaf and fruit. 
735. Impatiens noli-tangere L. Flower, leaf and fruit. 
736. Callitriche verne L. Fruit, emersed and immersed leaves. 
737. Empetrum nigrum L. pistillate and staminate flowers and leaf. 
738. Acer glabrum var. douglasii (Hook.) Dipp. Samara and leaf. 
739. Viola glabella Nutt. Flower, stipule and leaf. 
740. Viola biflora L. Flower, stipule and leaf. 
741. Viola renifolia var. brainardi (Greene) Fern. Fruit, stipule and leaf. 
742. Viola epipsila repens (Turcz.) W. Bckr. Flower, stipules and leaf. 
743. Viola selkirkii Pursh. Flower and leaf. 
744. Viola langsdorfii Fisch. Flower, stipule and leaf. 
745. Viola adunca Smith. Flower, leaf and stipule. 
746. Elaeagnus commutata Bernh. Leaf, flower, fruit and stone. 
747. Shepherdia canadensis (L.) Nutt. Fruit, leaf and stone. 
748. Circaea alpina L. Flower, fruit and leaf. 
749. Epilobium angustifolium L. Leaves and flower. 
750. Epilobium latifolium L. Leaf and flower. 
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751. Epilobium luteum Pursh. Leaf and flower. 
752. Epilobium davuricum Fisch. Leaves and flower. 
753. Epilobium anagallidifolium Lam. Leaf and seeds. 
754. Epilobium leptocarpum Hausskn. Leaf and flower. 
755. Epilobium palustre L. Leaves and end of stolon. 
756. Epilobium adenocaulon Hausskn. Leaf and flower. 
757. Epilobium glandulosum Lehm. Leaf and flower. 
758. Epilobium behringianum Hausskn. Leaf and flower. 
759. Epilobium hornemannii Rchb. Leaf and flower. 
760. Hippuris montana Ledeb. Whorl of leaves, fruit and anther. 
761. Hippuris vulgaris L. Whorl of leaves, flower and fruit. 
762. Hippuris tetraphylla L.f. Whorl of leaves and , fruit. 
763. Myriophyllum spicatum L. Leaves and fruit. 
764. Oplopanax horridus (Sm.) Miq. Half of leaf, flower and fruit. 
765. Osmorrhiza obtusa (Coult. & Rose) Fern. Fruit. 
766. Osmorrhiza purpurea (Coult. & Rose) Suksd. Fruit. 
767. Osmorrhiza chilense Hook. & Arn. Fruit. 
768. Bupleurum americanum (Coult. & Rose.) Stem leaf, section of carpel and fruit. 
769. Conioselinum benthami (Wats.) Fern. Part of leaf, fruit and section of carpel. 
770. Conioselinum cnidifolium (Turcz.) Pors. Part of leaf, fruit and section of carpel. 
771. Heracleum lanatum Michx. Leaflet, fruit and section of carpel. 
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772. Angelica lucid.a L. Fruit, part of leaf and section of carpel. 
773. Ange.lica genuflexa Nutt. Fruit, part of leaf, section of carpel. 
774. Ligusticum mutellinoides alpinum (Ledeb.) Thellung. Fruit, leaf and section -0f 
carpel. 
775. Ligusticum hultenii Fern. Fruit, part of leaf, section of carpel. 
776. Oenanthe sarmentosa Pres!. Part of leaf, fruit, section of carpel. 
777. Cicuta maculata L. Leaflet, fruit and section of carpel. 
778. Cicuta douglasii (DC.) Coult. & Rose. Leaflet, fruit and section of carpel. 
779. Cicuta mackenzieana Raup. Leaflets, fruit and section of carpel. 
780. Sium suave Walt. Leaflet, fruit and section of carpel. 
781. Cornus canadensis L. Fruiting plant and flower cluster. 
782. Cornus suecica L. Fruiting plant and single flower. 
783. Cornus stofonifera Leaf, flower, and stone. 
784. Chamaphila umbellata (L.) Pursh. Leaf, flower, and stamen. 
785. Moneses uniflora (L.) Gray. Leaf, flower, fruit, and stamen. 
786. Pyrola chlorantha Swartz. Leaf, fruit, and stamen. 
787. Pyrola grandiflora Radius. Leaf, fruit, and stamen. 
788. Pyrola asarifolia incarnata (DC.) Fern. Leaf, fruit, and stamen. 
789. Pyrola minor L . Leaf, fruit, and stamen . 
FLORA OF ALASKA 183 
PLATE XXXIII 
184 
Scale in millimeters. 
FIG. 
J. P. ANDERSON 
PLATE XXXIV 
790. Pyrola secunda L . Leaf, fruit, and anther. 
791. Monotropa u.niflora L. Flowering plant. 
792. Hypopitys latisqu.ama Rydb. Flower and fruit. 
793_- Ledu.m decumbens (Ait.) Lodd. Under surface of leaf, stamen, and fruit. 
794. Ledum groenla.ndicum Oeder. Under surface of leaf, stamen, and fruit. 
795. Cladothamnus pyrolaeflorus Bong. Leaf, flower, and fruit. 
796. Rhododendron kamtschaticum Pall. Flower and leaf. 
797. Rhododendron lapponicum L . Flower, leaf, and fruit. 
798. Menziesia ferruginea Smith. Leaf, flower, and fruit. 
799. Loiselevria procumbens (L.) Desv. Flower, leaf, and fruit. 
800. Kalmia polifolia Wang. Flower, leaf, and fruit. 
801. Phyllodoce coerulea (L.) Bab. Flower and leaf. 
802. Phyllodoce empetriformis (Smith) D. Don. Flower and leaf. 
8C3. Phyllodoce glanduliflora (Hook.) Cov. Flower and leaves. 
804. Phyllodoce aleutica (Spreng.) Hill. Flower, pistil, and stamen. 
805. Cassiope stelleriana (Pall.) DC. Flower, fruit, and leaf. 
806. Cassiope tetragona (L.) D. Don. Part of stem with flower, back of leaf, and fruit. 
807. Cassiope mertensiana (Bong.) D. Don. Flower and leaf. 
808. Cassiope lycopodioides (Pall.) D. Don. Part of stem with flower, leaf, and fruit. 
809. Chamaedaphne calyculata (L.) Moench. Flower, leaf, and fruit. 
810. Andromeda polifolia L. Leaf, flower, and fruit. 
811. Gau.ltheria shallon Pursh. Flower and leaf. 
812. Arctostaphylos u.va-u.rsi (L.) Spreng. Flower, leaf, and stamen. 
813. Arctostaphylos alpina (L.) Spreng. Leaf, anther, and flower. 
814. Vaccinium vitis-idea L. Flower, leaf, and stamen. 
' 
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815. Vaccinium uliginosum L. Flower, leaf, and stamen. 
816. Vaccinium parvifolium L . Flower, leaf, and anther. 
817. Vaccinium ovalifolium Smith. Flower, leaf, and stamen. 
818. Vaccinium alaskensis Howell. Flower, leaf, and anther. 
819. Vaccinium membranaceum Dougl. Flower and leaf. 
820. Vaccinium paludicola Camp. Flower, leaf, and stamen. 
821. Oxycoccus microcarpus Turcz. Flower, stamen, and leaves. 
822. Diapensia lapponica obovata (Fr.Schm.) Hult. Tip of stem with flower. 
823. Dodecatheon frigidum C. & S. Flower, leaf, and dehiscing capsule. 
824. Dodecatheon viviparum Greene. Flower, leaf, and capsule. 
825. Dodecatheon macrocarpum (Gray) Kunth. Flower and capsule. 
826. Androsace chamaejasme lehmanniana (Spreng.) Hult. Limb of corolla, leaf and 
calyx. 
827. Androsace septentrionalis L. Leaves and flower. 
828. Androsace alaskana Cov. & Stand!. Leaf and flower. 
829. Androsace ochotensis Willd. Fruit and base of stem. 
830. Primula cuneifolia saxifragifolia (Lehm.) Hult. Flower, leaf, and dehisced capsule. 
831. Primula borealis Duby. Limb of corolla, leaf, and capsule. 
832. Primula sibirica Jacq. Limb of corolla, leaf, and capsule. · 
833. Primula tschuktschorum Kjellm. Limb of corolla, leaf, and capsule. 
834. Douglasia gormanii Const. Dehisced capsule and top of stem. 
835. Lysimachia thrysiflora L. Flower and leaf. 
836. Glaux maritima. Flower, leaf, and capsule. 
837. Trientalis europea arctica (Fisch.) Hult. Flower and leaf. 
838. Armeria maritima (Mill.) Willd. Leaf and calyx. 
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REPORT ON THIRTY-FIVE DRUGS AND THREE PLANT 
MATERIALS TESTED AGAINST PLASMODIUM LOPHURAE 
IN THE WHITE PEKIN DUCK 
ELERY R. BECKER 
Department of Zoology and Entomology, Iowa State College 
Received July 19, 1948 
A research unit for testing the antimalarial activity of drugs in blood-
induced Plasmodium lophurae infection in ducks was established at Iowa 
State College as the result of a research grant.1 All of the drugs tested 
were obtained from the Antimalarial Drug Repository in the Division 
of Tropical Diseases, National Institute of Health. Data sheets covering 
the identity, chemical and physical properties, and toxicity of the drugs 
accompanied the shipments. If a drug had been tested previously in avian 
malaria the report of such testing appeared on the data sheet, also. The 
cooperation and counsel of I?r. G. Robert Coatney and Mr. William H. 
Longenecker of the National Institute of Health facilitated the work in 
many respects, and is herewith acknowledged. 
The use of avian malaria in chemotherapy to 1942 has been treated 
historically by Bishop (1942). The various testing procedures employed 
in this country for screening antimalarial drugs in blood-induced avian 
malarias are outlined in detail in Volume I of A Survey of Antimalarial 
Drugs 1944-1945 edited by Wiselogle (1946). These procedures differ 
in respect to species of malaria used, host employed, regimen of the drug, 
and certain other details, but in all of them the criterion of antimalarial 
activity is significant lowering of the parasitemia (either parasitized 
cells or number of parasites) in the treated birds on the day when the 
infection is at its peak in the untreated controls. The relative activity 
of such drugs as are effective is expressed in a quotient (the drug 
equivalent) whose denominator is the amount of the drug under assay 
that produces a significant reduction in parasitized cells (or parasites), 
and whose numerator is the amount of the drug standard (quinine, 
atebrin, chloroquine, etc.) that produces a comparable reduction of 
parasitemia. In case the reference drug is quinine the quotient is spoken 
of as the quinine equivalent, or Q. 
As others (Marshall, 1946; Davey, 1946) have pointed out, the 
above outlined general procedure is a significant departure from Roehl's 
(1926), whose criterion of antimalarial activity .was a significant delay 
' This investigation was supported (in part) by a research grant from the 
Division of Research Grants and Fellowships of the National Institute of Health, 
U.S. Public Health Service. In addition, gratitude is expressed to Dr. E. K . Marshall, 
Jr., Johns Hopkins University Medical School, for tr~sferring certain valuable 
laboratory equipment to our unit. 
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in the time required for the appearance of Plasmodium relictum in the 
blood of canaries following intramuscular injection of the parasite and 
administration of the drug under assay for about 6 days. His quantitative 
evaluation &f antimalarial activity was expressed as a chemotherapeutic 
index, which in this particular case was the ratio of the maximum dose 
of a drug tolerated by the canary to the minimum dose effective in 
delaying the parasitemia. The test adopted in this laboratory is of the 
same general type as those used elsewhere in this country, and has been 
designated "Test W-1" in National Institute of Health Malaria Report 52. 
Marshall, Litchfield and White's (1942) was similar to ours in certain 
respects, but they fed the drug in the diet at known concentrations and 
computed dosage at the end of the experiment on the basis of the 
probable weight of food consumed and daily weights of the ducks. 
The host is the White Pekin duck. The ducklings arrive from the 
hatchery on either the first or second day after hatching, and are fed a 
commercial chick starter. They are started on the tests when ten to six-
teen (usually twelve) days old. The plasmodium (Plasmodium lophurae) 
is maintained by intravenous passage at five- or six-day intervals through 
left-over ducklings that vary in age from two to six weeks. Passage and 
test inoculations are made in either the leg or right jugular vein with 
0.5 cc. of blood diluted with heparanized saline. Approximately 2 x 108 
parasitized red blood cells are injected into each bird. 
The first administration of the test drug is made immediately after 
inoculation. Treatment is twice daily (b.i.d.), at 8: 30 A.M. and 4: 30 P .M ., 
and extends over six consecutive days. The drug is dissolved in distilled 
water, or if insoluble, as is usually the case, it is ground to a very fine 
powder in a mortar and suspended in 12 per cent gum acacia in water. 
The drug is introduced into the crop through a soft rubber catheter 
attached to a Luer syringe. Every duckling is weighed in the morning 
before dosing and the weights are averaged by groups. It has been found 
necessary to take expectancy of weight increase into account in figuring 
dosages in advance, since young ducklings make considerable growth 
during the six-day drugging period. At first, in the fall of the year, the 
host-weight employed in calculating the doses for a particular group 
during the first three days was 112.5 per cent of the average weight of 
the group on the day of inoculation, but after artificial lighting was main-
tained until 9: 00 P.M. this figure was increased to 116.67 per cent. The 
doses for the second three days are l.4x those for the first three days 
if the mean of the average weights for the first three days is 15 per cent, 
or less, greater than the average weight on the first day of dosing, or 
1.6x those for the first three days if the mean of the average weights for 
the first three days is 16 per cent, or more, greater than the average 
weight on the first day of dosing. The regular practice is to include the 
doses for the first three days in 1 cc. of liquid and those for the last 
three days in 1.4 cc. or 1.6 cc. of liquid. Fresh solutions of all water 
soluble drugs are prepared every forty-eight hours and kept in the refrig-
erator. 
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The actual dosage (in terms of the base of the drugs) for the group 
is derived by the following formula: 
1000 X mean of 12 doses (in mg. of the base) 
mean of the 6 average weights (in grams) 
The ducklings in each group are selected to insure as uniform weight 
as possible. Five ducklings are ordinarily used in each drugged group, 
and six to eight in the undrugged control group. If, however, the amount 
of drug available is very limited, four ducklings make up the test group. 
Experience shows that the actual dosages, as computed after the dosing 
period, are satisfactorily close to the intended dosages. Two groups of 
birds receiving quinine dosages of 8 mg./ kg. b.i.d. and 12 mg./ kg. b.i.d., 
respectively, are usually included in each series. 
The criterion for assessing activity is the percentage of parasitized 
red cells on the sixth day after inoculation; that is, the day after the last 
dose of the drug. If percentages for the control ducks are higher on the 
fifth day than on the sixth, as is the case more often than not, the former 
are used instead of the latter. A drug is considered active for purposes 
of calculating the quinine equivalent if the geometric mean (Marshall, 
1946, in Wiselogle, Vol. I, p. 62) of the percentages for the drugged group 
is half or less the geometric mean of the percentages for the controls. 
The quinine equivalent of a drug is the ratio of the dosage of quinine 
required to effect a significant reduction (i.e., 50 per cent or more) in 
parasitized cells to the dosage of the drug which effects approximately 
the same reduction. 
The number of red cells counted in a particular smear depends upon 
the intensity of the infection, and is indicated in a table prepared by Dr. 
W. Clark Cooper based on Gingrich's (1932) formula for obtaining a 
parasite-erythrocyte ratio with a probable error of 10 per cent. 
The possibility of a drug producing anemia and in this way giving 
a false impression of antimalarial activity is checked by red blood cell 
counts on birds receiving drugs that appear to have shown antimalarial 
activity and by observing relative numbers of erythroblasts. The neces-
sity for observing such precautions was impressed upon us graphically 
in a test of the antimalarial properties of azobenzene with the dosage at 
170 mg./ kg. The five- and six-day smears showed less than one parasite 
per field, but practically all the red cells were erythroblasts. 
The ducklings were kept under observation for eighteen days after 
inoculation to observe the mortality; or, conversely, as stated in the table, 
the survival. 
RESULTS AND DISCUSSION 
Table 1 shows that twenty-eight of the thirty-five drugs and all of 
the four plant materials were inactive at the maximum doses adminis-
tered. Host mortality in the test groups receiving these materials was 
fairly comparable with that in the control groups. The sulfonamides 
TABLE 1 
GEOMETRIC MEANS OF PER CENTS OF PARASIT!ZED CELLS (%PC), NUMBER OF DUCKS SURVIV-
ING EIGHTEEN DAYS AFTER INOCULATION (SUR), AN\) QUININE EQ.UIVALENTS (Q). 
Test Series Controls 
Drug -----
Nos. ames of Drugs %PC Q Sur %PC Sur 
-----
SN 
Nos. 
359 Quinine-monohydrochloride, dihydrate . . . . . . . . . . 1.0 . . . . . . .. .. . . .. .. 
- 3- 4 
6221 Aspidosperma nitidum . .... .. . .. .. ..... ..... 86 inactive 3/ 5 87 3/ 6 
8505 3, 4-dichloro-a- ( dioctylami nomethyl )-
benzvl alcohol. ............ . . . . . . . ... .. . . 
11639 2, 5-dichloro-a- ( diocty laminomethy 1)-
3 0.4 5/ 5 87 2/ 4 
-4 benzyl alcohol, hydrochloride .. ..... .. ... . 2 0 .8 5/ 5 84 3/ 8 
DR 
Nos. 
15442 a- (secbutylaminomethyl)-7-chloro-2-(p-
- 4 chlorophenyl)-8-methyl-4-q uinolinemeth-
anol, hydrochloride ... . ... .. . .. .. ' . ... . . 5 10 .0 5/ 5 84 3/ 8 
15469 5 ,8-dichloro-a- ( diethylami nomethyl )-2-
- 4 phenyl-4-quinolinemethanol, hydrochloride . 3 0.9 4/ 5 83 . 3/ 6 
15534 8- (5-isopropylaminoamylamino )-7-
methoxyquinoline ... .. . .. . . ........... . . 88 <0 .14 2/ 5 81 1/ 8 
15544 Micromeria graeca var. consentia .. . . . ....•. . . 76 inactive 2/ 5 72 0/ 7 
15545 p-acetylphenoxyacetic acid .. ... .... . ..... 67 <0 .03 0/ 4 84 1/ 7 
15546 N-acetylanthranilic acid ........... . ... . . 84 <0.04 1/ 5 84 1/ 7 
15547 5-benzyl-8-q uinolinol. . . . . ... . .. . ........ 77 <0.03 0/ 4 84 1/ 7 
15548 ( 4-amino-6-hydroxy-2-pyrimidy I) 
mercapto acetic acid . ...... .... . ........ 82 <0.08 0/ 4 84 1/ 7 
15549 fJ- [ ( 4-amino-6-hydroxy-2-pyrimidyl)-
mercapto]propionic acid . .. . ... .. ..... ... 62 <0 .08 2/ 4 84 1/ 7 
15550 N',N'' -p-phenylenebis[N4-acetyl-
sulfanilamide] ......... . .......... . ..... 80 <0 .03 1/ 5 72 0/ 7 
15551 4', 4-ethylenedioxy bis (N-butyl benzene-
sulfonamide) ......................... . . 74 <0.14 0/ 4 72 0/ 7 
15552 4' (2-thiazolylsulfamyl) gallanilide .. .. . .... 81 <0 .05 1/ 5 72 0/ 7 
15553 N,N'-p-phenylenebis-p-nitrobenzene ....... 
sulfonamide . ................ . .... . . .. .. 78. <0 .14 2/ 5 72 0/ 7 
15554 4-benzylideneaminoantipyrine . ........... 82 <0.02 3/ 5 87 3/ 6 
15556 2-8-diaminotridecahydro-3, 7-phenothia-
zinc disulfonic acid . . . . ............ . .. . . 81 <0 .03 2/ 5 84 1/ 7 
15557 dibenz[c,g][l,2,5,6] trithiazocine .. .. .. .... 80 <0.03 2/ 5 87 3/ 6 
15558 " Hetrazan" (see text) . .. . . .. . . . ..... . ... 76 <0 .03 2/ 5 72 0/ 7 
15559 a- ( diethy laminomethy 1)-9-acridanmethanol . 78 <0 . 14 0/ 5 72 0/ 7 
15561 5-chloro-a-dihexylaminomethyl-2-phenyl-
4-quinolinemethanol, di hydrochloride .... . . 4 2 .00 5/ 5 79 4/ 7 
15562 4-dimethylaminochalcone .... . . . ....... . . 68 <0 .03 0/ 5 72 1/ 5 
15565 Py cnantheum pilosum .. ... ...... . . . ...... . . 84 inactive 1/ 5 87 3/ 6 
15566 2-phenyl-1,3-benzodioxan-4-one . ...... . ... 82 <0.02 2/ 5 72 1/ 5 
15568 2-methyl-3, 1-benzoxathian-4-one .. . . . . .... 85 <0.03 2/ 5 87 3/ 6 
15569 2-phenyl-3, 1-benzoxathian-4-onc . . . . . .. ... 76 <0 .02 2/ 5 87 3/ 6 
15570 2,4,6-tris(p-dimethylamino phenyl)s-
trithiane .. ......... . ................ . .. 75 <0 .05 3/ 4 87 3/ 6 
15571 1, 1, 1-trichloro-2,2-bis (5-propoxycar-
vacryl )-ethane ... . ..... . .... . .......... . 71 <0 .04 2/ 5 84 1/ 7 
15572 1, 1, 1-trichloro-2-2-bis (5-ethoxycar-
vacryl)-ethane .. .... .. .. .......... . .. ... 70 <0 .04 2/ 5 72 1/ 5 
15573 2-methy l-4-naptho[2, 3-d]-m-dioxin-4-one .. . 68 <0.03 2/ 4 84 1/ 7 
15574 2,8-dimethyl-1,3-benzo dioxan-4-one . . .. .. . 80 <0.02 0/ 4 84 1/ 7 
15575 2-methoxy-5,6, 7,8-tetrahydro-9, 10-acridone 62 <0 .15 0/ 5 79 0/ 7 
15582 5-chloro-2-(p-chlorophenyl)-a-diethyl-
arninomethyl-4-quinolinemethanol di-
0/ 7 hydrochloride . . . .. . . . ... ... . . .. . ..... . . 9 0 . 75 1/ 5 79 
15609 gallium (III) salt of lactic acid .... .. ..... 84 <0 . 15 2/ 5 79 4/ 7 
15614 N' - ( 5-cyclopropy 1-1,3, 4-thiadiazol-2-yl)-
sulfanilamide ..... . ................ . .. . · 74 <0 .03 2/ 5 72 1/ 5 
15615 4- (2-naphthyl)morpholine .. ... ... . ... ... 78 <0 . 14 0/ 5 79 0/ 7 
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tested were disappointing, but an inspection of Wiselogle's tables (1946, 
Vol. II, pt. 2) reveals comparable lack of antimalarial activity in other 
related compounds. It is of special interest that DR 15,558-4 ("Hetrazan," 
or 1-diethylcarbamyl-4-methyl-piperazine hydrochloride), which is known 
to have antifilarial properties, revealed no antimalarial activity at Q 0.03. 
DR 15,575 is being reported inactive at Q 0.15 because the sixth day count 
was high, still it seemed to be on the verge of demonstrating activity. 
The fourth, fifth, and sixth day percentages were, respectively, 17.5, 32.8, 
and 62.6. These values may be compared with others obtained in the same 
series; viz., 43.7, 79.2, and 70.7, respectively, for the untreated controls, 
and 37.4, 78.6, and 76.4, respectively for the groups receiving SN 6221 
in the ration at the 1 per cent level. DR 15,534, prepared by Dr. R. C. 
Elderfield of Columbia University, was the second 7-substituted 8-amino-
quinoline to be tested, the first having been DR 15,305 [7-methyl-8- (5-
isopropylamino-pentylamino)-quinoline] on which Q 0.25 was reported 
by Dr. A. R. Richardson after the G4 test against P. lophurae in ducks 
(Personal communication from R. C. Elderfield). Since Q's of from 20 
to 80 have been reported for several 5-methoxy-8-amino-quinolines, e.g., 
SN 15,085 with Q 80 appearing in Wiselogle (1946), it is exceedingly 
disappointing that.this 7-methoxy compound is inactive in the W-1 test 
at Q 0.1444. 
Of the seven active drugs, quinine (SN 359-4-3) is, of course, the 
standard. The 2-phenyl-4-quinolinemethanols demonstrated antimalarial 
activity with Q 10 for DR 15,442-4, Q 0.9 for DR 15,469-4, Q 2 for DR 
15,561-4, and Q 0.75 for DR 15,582. Quite a few 2-phenyl-4-quinoline-
methanols have been tested previously (Wiselogle, 1946, Vol. 2, pt. 2, 
pp. 1074-1089), and many of them show a high antimalarial activity 
against P. lophurae as well as against other bird malarias. 
The other two active drugs, SN 8,505 and SN 11,639-4, were a- (di-
octy laminomethyl) benzyl alcohols, and Q's of 0.4 and 0.8, respectively, 
are being reported for them. The unsubstituted a-(dioctylatninomethyl) 
benzyl alcohol has shown no antimalarial activity at the various levels 
so far tested (Wiselogle, 1946, Vol. II, pt. 1, p. 282), but the p-hexyl 
compound showed Q 0.3 in the D-1 test (ibid., p. 283). The p-flouro 
compound showed very little activity (ibid., p. 323), and the p-iodo gave 
Q 0.2 against P. gallinaceum in the Q-4 test (ibid., p. 353). 
DR 15,544, Micromeria graeca, var consentia, a plant of the LABIATAE 
family, is a native of Italy. A solution was prepared by steeping 1,000 mg. 
of the powdered plant in 100 cc. of distilled water. Ducks inoculated on 
the twelfth day of life received 2 cc. of the solution t.i.d. for three days, 
then 3 cc. t.i.d. for three days. The infection was unaffected. 
SN 6,221, Aspidosperma nitidum, is a plant of the APOCYNACEAE 
family, grown in Brazil. The powdered plant received by us was ground 
in a mortar and fed in the ration for six days at the 1 per cent level in the 
first test and at the 5 per cent level in the second test. Though the 
mixture was eaten well, 'the infection was unaffected. 
Although two tests were made with DR 15,565, only the results of 
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the first are shown in Table 1. The tea for the first test was made by 
steeping 0.5 oz. of the herb Pycnantheum pilosum in 237 cc. of distilled 
water for 10 min. That for the second test was made with twice as 
much herb in the same amount of water. The dosage in the first test 
was 1 cc. b.i.d. during the first three days and 1.8 cc. b.i.d. the second 
three days. The dosage in the second test was 1 cc. t.i.d. the first three 
days and 1.6 cc. the second three days. The solution proved inactive 
in both tests although several times as much extract was administered 
in the second test as in the first. 
SUMMARY 
There are presented in this report data on the evaluation of anti-
malarial activity of thirty-five chemical compounds and three plant 
materials. 
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LIFE HISTORY AND MANAGEMENT OF THE YELLOW 
PIKEPERCH, STIZOSTEDION V. VITREUM (MITCHILL), 
OF CLEAR LAKE, IOWA 1 
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Department of Zoology and Entomology, Iowa ' State College 
Received August 6, 1948 
The yellow pikeperch, Stizostedion vitreum vitreum (Mitchill), is 
one of the most sought-after game fish in Iowa. Since few Iowa Lakes 
are large enough or have suitable limnological features for the growth 
and perpetuation of this fish, the strain of heavy fishing or changes in 
the environment may endanger the populations in some of the lakes. 
Clear Lake, in Cerro Gordo County, was chosen as the site of investi-
gation since it provides much sport fishing and is one of the most popular 
resort areas in the state. This north-central Iowa lake, with an area of 
3,643 acres, is the third largest lake in Iowa. It is a highly productive, 
eutrophic, shallow body of water with a maximum depth of twenty-two 
feet. 
MATERIALS AND METHODS 
This study is based upon scale samples and other data collected in 
1941, 1942, and 1943, and from June 20 to September 1, 1947. A variety 
of gear was used in making the 1947 collection (Table 1) and various 
TABLE 1 
LENGTHS OF CLEAR LAK E YELLOW PIKEPERCH TAKEN BY VARIOUS GEAR, 
J UNE TO SEPTEMBER, 1947 
Standard 
Length in Total Length Experimental 30 Foot 500 Foot 
Millimeters in Inches Gill Net Seine Seine Angling 
70- 99 3 .4- 4.7 . . . . . . . . . . . . . . 5 2 . .. ..... 
100- 149 4 .8- 7.1 . . . . . . . . . . . . . . . . ........ 16 . ....... 
150- 199 7.2- 9 .5 10 1 3 . . .... . . 
200- 249 9.6- 11 .9 12 3 10 2 
250- 299 12 .0- 14.3 15 .. . . . . .... 4 28 
300-349 14 .4- 16 .7 20 1 2 26 
350- 399 16 .8-19 .1 19 . . . . . . . . . . .......... 19 
.400- 449 19 .2- 21.5 3 ..... .... . . .. . . . . .. . 6 
450- 499 21.6- 23 .9 1 . . . . . . . . . . . . . . . . . . . . . . . . .... 
500- 549 24.0- 26.3 1 . . .... .. . . . . . . . . . . . . . . . .. . 
Total 81 10 37 81 
Total 
7 
16 
14 
27 
47 
49 
38 
9 
1 
1 
209 
1 Technical Paper No. 13 of Iowa Cooperative Fishery Research Unit, Project No. 
39 sponsored by Industrial Science Research Institute of Iowa State College and the 
Iowa State Conservation Commission. 
2 Now with the Iowa State Conservation Commission. 
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habitats were investigated to insure a complete coverage of size and age 
groups. About 37 per cent of the yellow pikeperch were taken in gillnets; 
37 per cent by angling; and 26 per cent by seining. Three 100-foot sections 
of experimental gillnet were used with mesh size varying from % inch 
to 4 inches (bar measure). In gillnetting two general habitats were 
sampled: deep water (8-15 feet), and shallow water (2-3 feet). The 
nets were checked every two hours and all specimens were returned 
to the water after the pertinent information was recorded. All shore 
areas were seined with a 30-foot common sense minnow seine at 
various times throughout the summer, and on August 19, 1947, the 
State Conservation Commission survey crew sampled the gently sloping 
areas of the lake with a 500-foot seine (% inch mesh). Angling catches 
were sampled throughout the season. 
The 1941, 1942, and 1943 specimens were collected by Dr. Reeve 
M. Bailey, Harry M. Harrison, Jr., and Everett B. Speaker (Bailey and 
Harrison, 1945), using the same type of equipment as was employed in 
the 1947 investigation. 
Scale samples were taken in the field and none of the specimens 
was preserved. The scales were removed from either side of the body 
and from an area just caudad the tip of the pectoral fin as it was extended 
caudally and dorsally to the lateral line. No attempts were made to 
determine sex and maturity of the individual specimens in the 194 7 
catch. Total, fork, and standard lengths were recorded to the nearest 
0.1 inch. Specimens of less than one pound were weighed on a spring 
platform balance with a 500 gram capacity, and those over one pound, 
on a Salter spring scale with an eight pound capacity. 
Standard length, measured on a straight line from the tip of the 
snout to the end of the hypural plate, was used in all calculations for 
growth analysis. In addition, total length, measured on a straight line 
from the tip of the snout to the tip of the compressed lobes of the caudal 
fin, and the fork length, measured from the tip of the snout to the center 
of the fork of the caudal fin were recorded. On the basis of the measure-
ments of 215 yellow pikeperch, the following conversion factors were 
computed: 
Fork length = 1.127 standard lengths 
Total length 1.198 standard lengths 
Total length = 1.065 fork lengths 
The ages and growth rates of the pikeperch were determined from 
examinations and measurements of the annuli of the scales (Fig. 1). 
These annuli were for the most part easily recognizable and the fact 
that they were truly year marks was verified by methods similar to 
those used by Carlander (MS), Hile (1941), and Van Oosten (1929). 
Of 52 specimens taken between June 20, 1947, and July 1, 1947, 
only eight failed to show a new annulus near the anterior radius of the 
scale. It is therefore probable that annulus formation for 1947 was 
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accomplished in late May or June. Carlander (MS) states that only 
one of sixty-two pikeperch collected at Lake of the Woods in the last 
half of June, 1940, had not completely formed a new annulus. It is 
possible that in Clear Lake the annuli are usually formed earlier than 
Frc. 1.- Scale from a three-year -old pikeperch, Clear Lake, Iowa. 
these data show, because the spring of 1947 was especially cold which 
would tend to delay the resumption of growth. 
BODY -SCALE RELATIONSHIP 
Much of the earlier work on calculation of growth from scale 
methods was based on the assumption that the body-scale relationship 
was a direct proportion. Later evidence, however, indicated the need 
for determining the body-scale relationship for each species and even 
for different populations of the same species~ Carlander (1945) found 
the body-scale relationship in the pikeperch of Lake of the Woods to be 
represented by a third degree polynomial. Schloemer and Lorch (1942), 
in their study of pikeperch in Wisconsin, used the straight line relation-
ship on the basis of unpublished evidence. 
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The body-scale relationship of 215 yellow pikeperch from Clear 
Lake (Fig. 2) was determined by plotting the mean body lengths 
at 20 millimeter intervals against the mean anterior radii of the scales 
and fitting a line to the data by the least squares method. A straight 
line having an intercept on the length axis of 35. 7 millimeters and a 
slope of 2.35 gave a satisfactory fit. Consequently, growth calculations 
were made on a direct proportion basis using 35 millimeters as a base 
rather than zero (Carlander and Smith, 1944). Presumably the scale 
is formed when the fish is about 35 millimeters in standard length or 
43 millimeters in total length. 
GROWTH RATE 
Scales from 319 yellow pikeperch collected in 1941, 1942, 1943, and 
194 7 at Clear Lake were used to determine growth rate. The most rapid 
growth in length occurs in the first year of life and the annual increment 
decreases each year thereafter (Tables 2 and 3). There is no pronounced 
leveling off of the growth rate in later years of life. Carlander (1945) 
found that the Lake of the Woods pikeperch showed a nearly constant 
annual growth increment after the fourth year. 
TABLE 2 
AVERAGE CALCULATED LENGTHS OF YELJ,OW PIKEPERCH IN EACH AGE GROUP, COLLECTED AT 
CLEAR LAKE, 1941 TO 1943 
A. nctober, 1941. 
-
Standard Length in mm. at Each Annulus Standard 
Age Number ------------------ Length at 
Class Examined 1 2 3 4 5 6 Capture 
---------
I. ..... . . . ... 8 141 218 
II ........... 38 113 210 256 
III .......... 2 118 192 272 320 
IV ..... .. ... 4 140 223 290 355 404 
VI ........... 1 119 194 298 372 429 480 510 
B. April, 1942. 
IJI. ......... 5 110 193 247* 247 
lV ..... . . .. . 26 140 250 319 355* . 355 
v ........... 21 135 231 297 353 396 * 396 
VI ... . .... . . 5 162 259 339 400 453 478* 478 
C. July, 1943. 
I. ........... 1 165 212 
II ....... . . .. 1 125 252 276 
III . ..... . ... 6 116 212 279 308 
TV .......... 5 133 244 319 379 406 
*The annuli had not yet formed for the current year, but the age classes are designated as 
if the annuli were just formed at the edge of the scales. 
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FIG. 3.-Rate of annual growth of Clear Lake pikeperch in the 1935 to 1946 year classes. 
Lee's phenomenon of apparent change in growth, as shown in the 
calculated growth rates, was significant in the first six ·age classes of 
the 1947 catch. Van Oosten (1929) and Hile (1936) offer several expla-
nations for this phenomenon but lack of adequate comparative data 
prevents a thorough discussion of the manifestation of the phenomenon 
in the present data. 
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Table 4 shows comparative data on the growth of the yellow pike-
perch in various sections of the midwest. The Clear Lake average is 
somewhat higher than that reported from other waters except Norris 
Reservoir. In the Norris Reservoir (Eschmeyer and Jones, 1941), the 
phenomenal growth of the yellow pikeperch can be attributed in part 
to the virgin waters of the impoundment and to a limited population 
density. However, they report a regressive trend in growth rate and state 
TABLE 3 
AVERAGE CALCULATED L E NGTHS OF YELLOW PIKEPERCH IN EACH AGE GROUP COLLECTED AT 
CLEAR LAKE , jUNE TO SEPTEMBER, 1947 
Standard Length in mm. at Each Annulus Standard 
Age Number ---------------------- Length at 
Class Examined 1 2 3 4 5 6 7 8 9 10 11 Capture 
------------------
I. . . ... . .. 40 133 203 
II. .... . .. 58 122 244 280 
III. . ..... 64 11 7 238 317 340 
IV .. ..... 18 108 216 301 357 371 
V .. . ..... 5 110 197 288 350 400 423 
VI. ...... 2 106 173 275 346 375 402 425 
VII .... . . 2 112 198 267 342 396 442 466 474 
x ........ 1 141 320 371 425 490 504 527 553 571 590 599 
XI. . . . . . . 1 1761 309 395 456 493 512 538 560 574 586 595 605 
Grand Average of Tables 2 and 3. (319 Fish) 
St<fndard Length in I 
mm. 124 230 308 364 4091 454 499 557 573 588 595 
Average Annual 
Increment 124 109 75 52 46 30 24 24 16 16 9 
·--------------------
Growth Based on 
Summation of An-
nual Increment 124 233 308 360 406 436 460 484 500 516 525 
------------------
Total Length in 
Inches 5 .9 10 .9 14.5 17 .2 19.3 21 .4 23 .6 26 .3 27.0 27.7 28 .1 
that their study fails to indicate at what point the growth rate will level 
off. The high calculated growth for the first year in the Lake of the 
Woods data (Carlander, 1945) is probably the result of the differences 
in methods of calculation. It is apparent that the growth rate is more 
rapid in the south and slower in the north, probably due to the longer 
growing season in the south. A similar trend was noted in a large series 
of Minnesota lakes (Eddy and Car lander, 1939). 
The available data fail to show dominant year classes such as have 
been reported in various other populations and species. The prevailing 
conditions in the lake and the fishing pressure may trend toward a 
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TABLE 4 
COMPARISON OF YELLOW PIKEPERCH GROWTH INV ARIOUS AREAS 
Calculated Total Length in Inches at Each Year 
Number ----
_ 3_1_4_ ----------
Location Examined 1 2 5 6 7 8 9 
------------------
Lake of the Woods 
Carlander, (1945) .. 2898 * 6.4 9.3 11.5 13.5 14.9 16 .7 18 .3 19.9 21.6 
Minnesota Lakes 
Eddy-Car lander, 
(1939) ..... . .. . . 6599 4.6 8 . 6 12 .0 15 .0 18 . 1 20.5 22.9 25.2 26 .7 
Trout Lake 
Schloemer-Lorch, 
(1942) .......... 427 5 . 3 9 .7 13 .7 16 . 6 19.0 20.7 21.7 22.3 23 . 1 
Iowa Lakes 
Carlander, (1948) .. 216 5 .0 9 . 2 12 . 4 15 .0 17 . 1 18 .6 19 .9 21. 5 23 . 2 
Norris R eservoir 
Eschmeyer-J ones, 
(1941 ) .......... 96 8.3 16 .0 20.5 
Clear Lake ..... . .. 319 5.9 10 .9 14 . 5 17 . 2 19 .3 21 .4 23 .6 26 . 3 27. 0 
* Computed data for these fish corrected for body-scale relationship. All others are based 
on straight line relationship. 
balanced environment favoring a fairly constant production of yellow 
pikeperch. 
AGE AND GROWTH AT MATURITY 
No sex or maturity data were collected in 1947, but the 1941 to 1943 
collections indicate that over 80 per cent of the male pikeperch mature 
at two years of age and at a total length of 12 inches. The female, however, 
does not mature until the third year and at a size of 13.3 to 14 inches in 
total length. Carlander (1945) found that male pikeperch of Lake of the 
Woods mature when they are 11.4 to 13.7 inches in total length and the 
majority of the females mature at 17.3 inches in total length. Deason 
(1933) found the male pikeperch of Lake Erie maturing betwee~ 13 
to 13.5 inches and 93 per cent of the females maturing between 14 to 
14.5 inches ~n total length. The Clear La,ke population matures at both 
an earlier age and shorter length than either of the above populations. 
LENGTH-WEIGHT RELATIONSHIP 
It has been shown (Hile, 1941) that the length-weight relationship 
of various fish may in general be expressed by the following equation: 
W = CLn 
where C = a constant 
and n = a constant 
The values of C and n for the 194 7 data were determined by the 
least squares method using the logarithms of the average length and 
weight (Table 5) . The mathematical relationship between the standard 
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length and weight of Clear Lake pikeperch can be described by the fol-
lowing formula: 
W = 1.146 X 10-0 L3·04.4u 
This empirical formula approximates that of a cubic parabola which 
indicates that the weight increases as the standard length raised to the 
third power. 
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Frc. 4.-The length-weight relationship of yellow pikeperch from Clear Lake, Iowa. 
204 R. E. CLEARY 
As an indication of "general well being" or relative plumpness m 
fish, several authors have used the coefficient of condition, K, where 
K 
if w 
and L 
w 1Q5 
L3 
weight in grams 
standard length in millimeters 
The average K of the Clear Lake pikeperch taken in 1941, (19 fish) 
was 1.461; in 1942, (61 fish) 1.549; and,in 1947, (143 fish) 1.494 (Table 
5), giving a grand average of 1.507 for 217 fish. The average K for Clear 
TABLE 5 
THE LENGTH-WEIGHT R ELATIONSHIP AND COEFFICIENT OF CONDITION, K, OF CLEAR LAKE 
YELLOW PIKEPERCH,jUNE TO SEPTEMBER, 1947 
, Average Weight in Grams 
Standard . Length Number 
I in Millimeters* of Fish Average Range 
90 4 10 7- 14 
110 4 21 12- 25 
194 13 110 85- 128 
206 23 128 85- 156 
222 2 149 142- 155 
252 2 166 162- 170 
271 13 296 227- 383 
280 11 369 340- 397 
307 12 435 397- 482 
329 14 523 454- 624 
350 21 635 482- 765 
367 9 751 652- 950 
385 4 805 723- 907 
412 5 1123 680- 1531 
427 2 1347 1304- 1389 
493 1 1970 .... .... . . .. 
528 1 1999 . . .. ... ..... 
599 1 3487 . . . . . . . . . . . . 
605 1 3147 ....... ..... 
Total ' 143 I I 
*Fish were grouped by 20 millimeter size classes. 
** W = 1. 146 X 106L3·04•• . 
I Calculated** 
10 
19 
106 
127 
160 
235 
293 
324 
428 
529 
638 
737 
853 
1048 
1169 
1807 
2231 
3276 
3377 
Grand Average 
Average 
K 
1.37 
1.48 
1.50 
1.46 
1.36 
1.05 
1.49 
1. 54 
1. so 
1.47 
1.48 
1. 52 
1.42 
1 .59 
1. 73 
1.64 
1. 36 
1.62 
1 .42 
1 .494 
Lake pikeperch is higher than the average, 1.446, reported for Trout 
Lake, Wisconsin (Schloemer and Lorch, 1942) and 1.470 reported for 
Lake of the Woods, Minnesota, by Carlander (1945). It would therefore 
appear that the Clear Lake pikeperch are full-bodied as well as fast-
growing. 
It is apparent from Table 6 that while the annual length increment 
decreases with each successive year, the annual weight increment 
increases each year until it reaches a peak in the fifth year. The general 
trend is regressive after the fifth year and the fluctuations are probably 
due to the small number of specimens. 
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TABLE 6 
COMPARISON BETWEEN LENGTH AND W EIGHT AT EACH AN-NULUS OF 319 
CLEAR LAKE YELLOW PIKEPERCH 
Age in Years 1 2 3 4 
_ 5 j_6 7 8 
__ 9 _1~-
Standard . I 
length in 
millimeters .. 124 230 308 364 409 454 499 557 573 588 
Comparative 
weight in 
grams ...... 27 178 432 719 1025 1409 1879 2626 2862 3096 
Average an-
nual len[rth 
increment in 
millimeters .. 124 109 75 52 46 30 24 24 16 16 
Average an-
nual weight 
increment in 
grams . ...... 27 153 247 270 312 265 262 330 232 249 
MANAGEMENT DISCUSSION 
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11 
599 
3276 
9 
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In general, the ultimate goal of any fishery management project 
is to furnish an adequate source of fast growing, well conditioned fish. 
Since the Clear Lake pikeperch appear to be a hardy, rapid-growing 
population, it would seem that favorable environmental conditions are 
present. Even though subjected to heavy fishing pressure, the pikeperch 
population remains at a fairly constant level. 
Natural reproduction in Clear Lake is supplemented by artificial 
propagation and stocking activities by the State Conservation Commis-
sion. During the last ten years over 250 million pikeperch fry have 
been stocked in yearly amounts varying from 12 to 44 million per year. 
In addition, over 60,000 fingerlings reared in the Commission's ponds 
have been stocked in the last seven years with yearly plants ranging 
TABLE 7 
UMBER AND A VE RAGE SIZE IN SAMPLE OF CLEAR LAKE PIKE PERCH TAKEN BY ANGLERS IN THE 
SUMMER OF 1947 
Number of Specimens Age Class 
Average Total 
Length in Inches 
Percentage 
of Catch 
29 ............ .. . . .. .. ... . II 12 .8 35.8 
39 ............ . •......•... III 15.7 48.1 
9 ......... . . .... ... .. . . . . IV 17 .1 11 .1 
1 ....•......•.•. . ....•... v 19 . 6 1 . 2 
2 ....... .. .. ............ . VI 19 . 9 2.5 
1 ... . ....... .. . . ....... . . VII 22.0 1.2 
Total- 81 Average- 15 .0 
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from 5,000 to 20,000 fish. 1 The economic feasibility of the present stock-
ing program should be tested by investigating the survival rate of 
the artificially planted stock. Alternate planting experiments such as 
those carried on by Dahl (1934) and others should indicate whether 
stocking has any appreciable effect on the population. 
Most of the yellow pikeperch caught by anglers are less than four 
years old (Table 7). It has been pointed out that most of the female 
pikeperch do not spawn until three years old. With the present fishing 
pressure and the 12-inch size limit, many of the females are caught 
before they have an opportunity to spawn. At present, the population 
seems to be maintaining itself. If, in the future, the population declines 
as a result of inadequate spawning stock, it may be advisable to increase 
the size Uni.it so that the females are protected from fishing until they are 
large enough to have spawned at least once. 
The 1948 fishing regulations which removed the size limits on all the 
species in the lake with the exception of the black bass, northern pike, 
and yellow pikeperch, and reduced the possession limit from eight to five 
in the latter two species should benefit the pikeperch by reducing the 
fishing pressure on this species and also by reducing the numbers of 
other species which compete with the young pikeperch for food and space. 
SUMMARY AND CONCLUSIONS 
1. The study of Clear Lake yellow pikeperch was based on 319 
specimens collected in 1941, 1942, 1943, and 1947. 
2. Of fifty-two specimens taken between June 20, 1947, and July 1, 
1947, only eight failed to show an annulus near the anterior radius of the 
scale. It is therefore probable that the 1947 annulus was formed in late 
May or June. 
3. The body-scale relationship can be described as a linear regression 
having a Y-intercept (length axis) of 35.7 millimeters (standard length) 
and a slope of 2.35. · 
4. The most rapid growth in length occurs in the first year of life 
and the annual growth increment decreases each year thereafter. 
5. Lee's phenomenon of apparent decrease in the calculated growth 
rate was observed in the first six year classes in the 1947 catch. 
6. The average growth rate of Clear Lake pikeperch is higher than 
that in various other sections of the midwest, probably due to the longer 
growing season and the favorable environmental conditions in Clear 
Lake. 
7. The present data fail to show dominant year classes in the Clear 
Lake pikeperch. 
8. The mathematical relationship between standard length and 
weight can best be described by the €mpirical formula: 
W = 1.146 X 10-G L3· 0H~ 
1 Information furnished by Everett B. Speaker , Superintendent of Fisheries, 
Iowa State Conservation Commission, March, 1948. 
THE YELLOW PIKEPERCH 207 
9. The average coefficient of condition, K, for 217 specimens was 
1.507, which is higher than that reported for yellow pikeperch in other 
waters. 
10. The annual weight increment reaches a peak in the fifth year of 
life and decreases each year thereafter. 
11. The male pikeperch mature at a shorter length and at an earlier 
age than do the females. 
12. Of eighty-one fish taken by anglers in 1947, 83 per cent were 
less than four years old. 
13. If, in the future, the population declines as the result of inade-
quate spawning stock, it may be advisable to increase the size limit to 
protect the females until they have spawned once. 
14. The 1948 removal of size limits on fish other than black bass, 
northern pike, and yellow pikeperch should benefit the latter species 
by reducing fishing pressure and competition for food. 
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THE USE OF VERTEBRAE AS INDICATORS OF THE 
AGE OF THE NORTHERN BLACK BULLHEAD AMEIURUS 
M. MELAS (RAFINESQUE) 1 
WILLIAM M. LEWIS 
Department of Zoology and Entomology, Iowa State Coliege 
Received August 30, 1948 
Bullheads, Ameiurus spp., can survive in many waters where no 
other food or game fish can exist. They thus provide fishing in many 
parts of the country where there is no other fishing. Comparatively little 
is known of the growth characteristics and environmental requir ements 
of bullheads. This lack of knowledge is a handicap in the management 
of waters that might provide good bullhead fishing. 
Some of the most worthwhile information applicable to management 
of the scaled fish has been obtained by use of the scale method (Creaser, 
1926; Biickmann, 1929; Van Oosten, 1929). Although valuable informa-
tion for non-scaled fish and those having scales unsuited for age deter-
minations has been obtained from markings of otoliths, subopercular 
bones, fin rays, and vertebrae, no method of determining the age of 
bullheads has been reported. 
All of these techniques are based on differences in the structure 
of the scales or bones correlated with changes in growth rate. The por-
tions of scales, otoliths, vertebrae, and some other bony structures laid 
down during periods of slow growth appear different from those portions 
laid down when the fish is growing rapidly. In temperate zones, fish 
show seasonal cycles of growth on their scales or bones which make it 
possible to determine their ages. 
The present study is an attempt to determine the age of black bull-
heads, Ameiurus melas melas (Rafinesque), from variations in vertebral 
growth. 
COLLECTING AND PRESERVING VERTEBRAE 
Several methods of preserving and preparing the vertebrae were 
tried, but the method given below was found to be the most satisfactory. 
A longitudinal incision was made on each side of the anterior end 
of the vertebral column. These incisions extended deep enough to sever 
the ribs from the vertebrae. Then a transverse incision was made through 
the fused cervical vertebrae and another between the tenth and eleventh 
1 Iowa Cooperative Fishery Research Unit, Technical Paper No. 11, Project 
No. 42 of the Industrial Science Research Institute of the Iowa State College and 
the Iowa State Conservation Commission with the cooperation of the U. S. Fish and 
Wildlife Service. A thesis submitted in partial fulfillment of requirements for Master 
of Science Degree at Iowa State College. 
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vertebrae. The section of the vertebral column thus removed was 
partially ~leaned by scraping off the excess tissue. The vertebrae from 
fish weighing over a pound were disjointed, but those ·from smaller fish 
were left connected as a section. In either case the bones were placed 
in envelopes on which the collection data were recorded and the envelopes 
were stored under conditions favorable for drying. 
After drying about a week the vertebrae which had not been dis-
Frc. 1.-Centrum of vertebra of 199 mm. bullhead from Lost Island Lake. The 
five winter rings (A, B, C, D, E) are in the form of paired lines. Ring A is closely 
associated with the central area. Compare this latter condition with that of ring C, 
Fig. 2. x 15. . 
jointed were broken apart. The dried notochordal tissue usually came 
out on one centrum and left the adjoining one clean and ready to be 
examined. 
To observe the marks on the surfaces of the centrum it was found 
that a magnification of 15x with a dissecting microscope was satisfactory. 
Photographing of the vertebrae showed that it is possible to project a 
magnified image of them on ground glass. On such an image it is much 
easier to count and interpret the marks, indicating that such a method 
might be feasible. 
COUNTING VERTEBRAL MARKS 
Before counting the vertebral marks it was necessary to establish 
certain criteria that would distinguish the annual marks from other 
marks. The seasonal marks of the vertebrae as defined in this study 
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are in the form of heavy, dark, translucent bands alternating with 
broad, white, opaque ones (Figs. 1, 2, and 3). The winter growth is 
represented by the dark bands whereas the summer growth is repre-
sented by the white bands. In addition to the true winter marks there 
occur accessory marks (B of Fig. 3) which may cause confusion. Usually, 
however, the accessory marks are quite faint or they do not have the 
depressions of the surface as are characteristic of true winter marks. 
FIG. 2.-Centrum of vertebra of 268 mm. bullhead from Barringer's Slough Outlet 
Stream. Rings A and B are accessory marks. Rings C, D, E, F, G, and H are winter 
rings. Ring C, the first annual mark, is well separated from the central area. x 15. 
Furthermore, the accessory marks most frequently lie near the center 
of the centrum and within the area of the first annual ring. Often one 
accessory mark lies between the first and second winter ring. The annulus 
may be in the form of double lines (Fig. 1); however, this condition 
gives very little trouble since the lines are close enough together that 
there is little question as to their representing one winter's growth. 
Locating the first winter ring is quite difficult. At first it would 
appear A of Figure 1 and A of Figure 2 were of the same status, i.e., both 
having been laid down during the first winter. Actually, however, A of 
Figure 1 and C of Figure 2 are presumed to correspond. Observations on 
many vertebrae indicate that the central area of the vertebra in Figure 1 
is so expanded as to cover most of the area lying within the first annual 
ring, whereas, the central area of the vertebra in Figure 2 is not so 
expanded, and the area within the first annual ring shows some of the 
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accessory marks formed during the first year. Thus, in locating the 
first annual ring one must decide whether or not the central area is 
expanded. When it is expanded, the first mark outside this area is the 
first annual ring and hence is a well defined ring quite similar to the 
winter rings situated further out on the centrum (A of Fig. 1). When 
the central area is not expanded, there are one or more faint rings lying 
outside it. These rings are the accessory marks. They appear lighter 
FIG. 3.-Centrum of vertebra of 82 mm. bullhead from the Van Zomeron Pond. 
The bullhead was known to be a young-of-the-year. The marks indicated by A are 
accessory marks of the first summer. x 15. 
in color and usually are less apt to be associated with depressions in the 
surface of the centrum. Thus, they are somewhat different from the 
winter rings situated further out on the centrum (A and B of Fig. 2) . 
When the central area is not expanded, there is more danger of accessory 
marks being counted. 
It can be anticipated that the outer annual rings of older fish will 
appear weaker and more closely spaced than the rings formed early 
in life when the fish grew more rapidly. In the outer area accessory marks 
are less abundant and the depressed nature of the true annual mark is 
a help in deciding what marks should be counted. 
To count the winter rings as . defined above, the centra of two or 
three vertebrae were observed under the microscope. After comparing 
the count and appearance of the marks of the different centra, a final 
count was made. 
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The number of winter rings was considered to indicate the age of 
the fish in years. In addition a plus sign was added to the fish's age in 
order to indicate growth beyond the last visible annual ring. For example, 
a fish listed as being five years old would have on its vertebrae five 
annual rings, the outer of which would lie at the periphery of the 
centrum. 
In some cases, two indep::ndent counts were made of the vertebral 
FIG. 4.-Centrum of vertebra of 242 mm. bullhead from the Van Zomeron Pond. 
The bullhead was known to be one year old. In the central area, A, the accessory 
lines of the first year are evident. Ring B is the winter ring. Rings C are accessory 
marks that are evidently variations in structure not accompanied by a difference in 
color. x 15. 
marks. When the second count failed to agree with the first, the age 
of the fish was not estimated. 
VERTEBRAE OF SCALED FISHES 
As a first step toward learning whether or not marks on the verte-
brae indicate age, vertebral and scale samples of several scaled fish were 
examined. With twenty-three highfin suckers, Carpiodes verifer (Rafines-
que), the age as determined from the scales agreed in 40 per cent of 
the cases with the age determined from the vertebrae. Difficulty was 
encountered in aging these fish by the scale method and it is felt that 
ages determined from the vertebrae were as accurate as those obtained 
by the scale method. 
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Scales and vertebrae from fourteen smallmouth black bass, Microp-
terus dolomieu Lacepede, were also examined. To make the examinations 
as impartial as possible, two scale agings were made by experienced 
persons not familiar with the vertebral agings. Two independent age 
determinations were also made by the vertebral method. The two scale 
counts agreed in 86 per cent of the cases as compared to a 50 per cent 
agreement b etween the two independent counts of the vertebral marks. 
In only one case did the ages determined by the two methods differ by 
more than one year. 
These smallmouth black bass came from two different Iowa streams. 
The scales of smallmouth bass from Coffin Creek were relatively easy 
to read. Other than the annuli, very few marks occurred on the scales. 
The marks of the vertebrae were likewise clear and few if any marks 
other than the annual rings occurred. On the other hand, both the scales 
and the vertebrae of fish from Lime Creek were difficult to read due 
to the confusion of marks. The fact that the vertebral marks corresponded 
so closely with the scale marks supports the assumption that the scale 
and vertebral marks are caused by the same factor. 
VERTEBRAE OF BULLHEADS 
In September , 1946, forty northern black bullheads (30 to 60 mm. 
in total length) were stocked in a new quarter-acre pond on the Van 
Zomeron farm in Marion County. On August 19, 1947, this pond was 
seined and bullheads of two principal size groups were caught (Table 1). 
These fish were of known age. Those of total length 32 to 89 mm. were 
young-of-the-year; those of total length 235 and 242 mm. were one-year-
olds. The young-of-the-year should have had no annual markings on the 
vertebrae. The one-year-olds should have had one annual mark. 
TABLE 1 
LENGTH FREQ.UENCY DISTRI BUTI ON OF 226 BULLHEADS FROM THE V AN Z O MERON P OND 
Total Length in M illimeters 
30 35 40 45 so 55 60 65 70 75 80 85 235 
to to to to to to to to to to to to to 
34 39 44 49 54 59 64 60 74 79 84 89 242 
--·--------·-- ·-- --------- - ---
2 5 10 1 9 6 26 56 60 24 22 5 2 
By actual microscopic observations the vertebrae of the young-of-
the-year were found to have one to three usually faint rings. The 
vertebrae of one or two specimens had strong enough rings to cause 
some confusion (Fig. 3). 
The vertebrae of the one-year-olds had four or five clear, thin, 
closely grouped rings near the center of the vertebrae; a very distinct, 
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relatively broad ring half-way out on the vertebrae; a faint though rather 
broad ring just slightly out from the distinct ring; and three or four 
very faint rings between the latter and the periphery of the vertebrae 
(Fig. 4). The well defined ring half-way out was without doubt the 
true annual ring. The other rings were accessory marks. 
In observing these vertebrae an effort was made to find a difference 
between the true annual ring and the other marks occurring on the 
vertebrae. It was found that, at least in this case, the true annual ring 
was a mark due principally to a difference in color often associated with 
some depression in the bone surface. The outer accessory marks were 
primarily the result of depressions alone. The inner four or five clear, 
thin, closely grouped rings were similar in coloration to the true annual 
ring, but their position and spacing can undoubtedly be used as a means 
of considering them false. 
The young-of-the-year fish varied in size from 32 to 89 mm., a rather 
wide variation in length to be found within a one-year class. Raney and 
Webster (1940) measured young-of-the-year in a cove in Cayuga Lake, 
New York, and found a similar variation, 41 to 93 mm., on October 10. 
With such a wide variation it would be difficult to guess the age of the 
fish from the length frequency distribution. There are two if not three 
size groups in the young-of-the-year fish from the Van Zomeron Pond 
(Table 1). When analyzing a population of unknown age, each of these 
size groups might easily be interpreted as consisting of fish of different 
ages. 
One-year-old fish in this pond showed phenomenal growth, probably 
due to the uncrowded conditions of the new environment. In other 
waters with established fish population, it may. take several years for 
bullheads to reach the length these fish reached in one year. 
On April 12, 1947, a sample from the 1946 hatch of northern black 
bullheads was taken from Clear Lake, Cerro Gordo County, Iowa. The 
mean total length of twenty-four of these specimens was 65.8 mm. The 
range was 46 to 95 mm. Vertebrae of twenty of the specimens were 
examined microscopically in an effort to learn the appearance of the 
vertebral marks of young bullheads. Since the fish were taken at a 
date earlier than that at which the fish are expected to form a new 
annual ring, the fish should have had no annual marks on their vertebrae. 
Upon examination only a few vertebrae were found to have marks that 
could possibly be called annual rings. Several had one or more extremely 
faint marks similar to those on the vertebrae of young-of-the-year in the 
Van Zomeron Pond. 
Bullheads from three other ponds, one stream, and one other 
natural lake wePe studied (Table 2). The data indicate a fairly good 
correlation between age and length. 
Lost Island Lake, a shallow lake with a surface area of 1,260 acres, 
has a predominately bullhead population so great that the fish are con-
sidered overcrowded and probably stunted. A sample of thirty-three 
TABLE2 
AGE OF BULLHEADS FROM THREE PONDS, A STREAM, AND A NATURAL LAKE AS DETERMINED BY 
COUNT OF VERTEBRAL MARKS 
Age Class 
4 ............. . .. . 
5 ..... . ... . ...... . 
6 .... . .... . .. .. .. . 
1. ........ . . .. . . . . 
2 .....•........... 
3 ...... . .... . . .. . . 
4 ..... .. .. . .. .. . . . 
5 . ... . • . . ......... 
6 ................ . 
7 . ....•. . . . .. . .•.. 
1. ... ...... .. .... . 
3 .............. . . . 
4 ...... . .. .. . . ... . 
1. ....... . .. . ... .. I 
2 .. . ..... . . . •. . ... 
3 .. . ... . ......... ·1 
4 ......... .. ... .. . 
5 ................ . 
1. ............... . 
2 ... .. .. . ........ . 
4 ............ . .. . . 
5· ........ . . .. .... . 
' Ag~d only once. 
Total Length in Millimeters 
Number of Fish Mean 
Lost Island Lake, Palo Alto and Clay Co.1 
5 
15 
2 
193 
192 
198 
Range 
190- 197 
184- 201 
196- 200 
Barringer's Slough Outlet Stream, Clay Co. 1 
31 
31 
49 
52 
38 
13 
4 
87 
132 
163 
173 
188 
194 
210 
Johnson's Pond 1, Marion Co. 2 
7 
4 
1 
99 
153 
159 
Johnson's Pond 4, Marion Co.2 
4 
3 
7 
2 
2 
115 
182 
181 
188 
195 
Eldon Research Area, Wapello Co.2 
16 
24 
4 
4 
67 
121 
160 
206 
68- 106 
103- 186 
103- 207 
134- 206 
157- 237 
169- 210 
197-228 
: . ........... . . 135- 185 I ,,_,o, 
112- 118 
178- 188 
163- 206 
180- 198 
188-201 
59- 75 
100- 161 
139- 189 
182- 270 
2 Stratified sample from many seine hauls. 
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specimens from this population was taken July 1, 1947. This sample, 
though small, is quite representative of the size range of the bulllieads 
being taken by anglers at the time of the sampling. 
The vertebral ring count indicated these fish were four, five, and 
six year-olds. These ages are in keeping with the size distribution. 
Two counts made on the vertebral marks of the bullheads in three 
ponds agreed in two-thirds of the specimens. For the most part, the 
variation was only one year and was due to difficulty in locating the 
first annual ring. The same difficulty is often encountered in aging fish 
by the scale methods. 
The first three age groups of the Barringer's Slough Outlet popula-. 
tion were checked against a length frequency distribution chart and 
showed good agreement. 
The two ponds on the Johnson farm were stocked in 1943. If the 
ages are correct, some of the fish stocked in pond number 4 were yearlings 
when stocked. The other fish are all within the expected age classes. 
DISCUSSION 
In this study it was found that there occur alternate dark and light 
rings on the centra of bullhead vertebrae. Some of the dark rings are 
believed to be annual rings laid down each winter. The centra of the 
vertebrae from some bullheads of known ages had rings that did not 
correspond to ihe ages of the fish. In many cases, these additional rings 
could be distinguished from the annual rings, but further study is needed 
before the vertebral aging technique can be generally applied. 
A tentative estimate of the average growth rate for the northern 
black bullhead in the waters studied is as follows: 
30 to 80 mm. total length end of first summer 
90 to 115 mm. total length July of second summer 
120 to 130 mm. total length July of third summer 
150 to 160 mm. total length July of fourth summer 
170 to 180 mm. total length July of fifth summer 
190 to 200 mm. total length July of sixth summer 
200 io 210 mm. total length July of seventh summer 
The vertebrae of a few channel catfish were studied. In comparison 
to the bullhead vertebrae, the catfish vertebrae were easier to "read." 
SUMMARY AND CONCLUSIONS 
1. The vertebral aging technique is not perfected, but it shows 
promise of being a usable method. 
2. Asatisfactory method of preparing vertebrae for aging purposes 
is to cut the forward end of the vertebral column out and scrape off 
the excess tissue. The vertebrae of larger fish are disjointed while fresh, 
whereas those of smaller fish are broken apart after drying. 
3. There appear to be some differences between true annual marks 
and accessory marks. 
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. 4. There occurs a variation in the appearance of the central area of 
the centrum that may be a source of trouble in deciding which ring is 
the first annulus. 
5. The correlation found between age of scaled fish determined by 
the scale method and the age as determined by count of the vertebral 
marks indicates that the markings on the scales and vertebrae are 
probably caused by the same variations in growth rate. 
6. Evidence for the validity of the vertebral aging method is· as 
follows: 
a. Vertebrae from young-of-the-year bullheads had no or only 
extremely faint rings. 
b. Vertebrae from bullheads known to be one year old had one 
heavy, well-defined ring. 
c. Ages determined from vertebrae of fish from populations in 
which the age range was known to lay within certain limits 
were within these limits. 
d. A correlation between length and age as determined from the 
vertebrae was evident. 
7. A tentative estimate of the average growth for the northern black 
bullhead in the waters studied is given. 
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The cassava plant belongs to the family Euphorbiaceae and is botan-
ically known as Manihot utilissima Pohl. It is also called tapioca or manioc 
although the term tapioca is more generally used to designate certain 
forms of cassava products. The plant itself is a perennial shrub which 
attains a height of six to twelve feet at the age of one year. At the base 
of its stem it produces a cluster of long fleshy roots as shown in Figures 
1 and 2. These cassava roots furnish the cheapest source of starch known. 
Although its growth is restricted to tropical regions, the cassava is a 
plant possessing quite unusual characteristics. It has no known pests 
or enemies; it grows in most soils, resists extreme drouths, and propa-
gates easily. 
American technologists who early visited the Philippine Islands 
were enthusiastic over the cassava. Bacon (3) stated: "It will furnish the 
cheapest source of starch in the world and also compete on even grounds 
with molasses for the manufacture of alcohol." Copeland (8) gave an 
excellent description of the cassava together with its history, varieties, 
toxicity, culture and uses. In the Philippines the yield of cassava was 
reported by Mendiola (19) to be 16,100 to 38,300 kg. per hectare (7.18 
to 17.3 tons per acre) ; in Java yields as high as 50,000 to 55,000 kg. per 
hectare (22.3 to 24.7 tons per acre) have been obtained. The starch 
content of the fresh cassava root is 25 to 30 per cent. However, in spite 
of its promise, up to the present no industrial utilization has been made 
of cassava except for the manufacture of starch. Cassava starch was 
found in the market throughout the world before the last ·war, because 
it could undersell any other starch. In the United States increased pro-
duction of starches from domestic raw materials has in the past been 
hampered by this fact. 
Fermentative utilization of cassava in the Philippine Islands would 
be particularly desirable from the standpoint of domestic economy 
of the Islands. The Philippines are essentially an agricultural country; the 
commercial production of chemicals by fermentation of cassava would 
be a step towards industrialization as well as a means of expanding 
domestic production of liquid fuels. Since petroleum resources are 
almost absent in the Philippines the importation of liquid fuels, to the 
1 Present address, University of the Philippines, Laguna, Philippine Islands. 
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F:rc. 1.- A cassava plant about 12 months old with a 2-meter stick standing by 
for comparison of sizes. 
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value of several million dollars annually, has increased steadily despite 
the extensive employment of ethanol, either straight or blended, to power 
tractors, trucks and busses. The ethanol is manufactured from cane 
molasses, but the entire molasses output of the country if fermented 
would hardly meet the domestic fuel requirement. The cassava as a 
potential source of ethanol has been suggested frequently but there 
FIG. 2.-Cassava roots from a single plant. A meter stick graduated in centimeters 
shows relative sizes. 
has been no large scale development along this line. It was desirable 
therefore to investigate thoroughly the possibility of producing ethanol by 
fermentation of cassava. The work reported in this paper was completed 
before the outbreak of the war; publication was delayed because of the 
Japanese invasion of the Philippine Islands. It is of special interest now 
in connection with Filipino efforts toward rehabilitation of the Islands 
after the Japanese occupation. 
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The literature on the fermentation of cassava is very limited. Moore 
(21) and Lange (17) pointed out its industrial possibilities for the 
manufacture of glucose and industrial alcohol. Monier-Williams (20) , 
in his monograph on power alcohol, considered cassava as one of the 
more important raw materials from the point of view of yield and 
availability. Calculated on the per acre basis, the data of Monier-
Williams placed cassava as the highest yielding crop in terms of gallons 
of alcohol. Collens (7) , at the Government Laboratory in Trinidad, 
conducted a few experiments on the alcoholic fermentation of cassava 
flour; malt and taka-diastase were employed for saccharification. The 
only detailed investigation of the alcoholic fermentation of cassava which 
has been reported is that of Roxas and Manio (23) . These workers 
employed acid hydrolysis of the starch with subsequent yeast fermenta-
tion. Yields of over 90 per cent were claimed. The alcoholic fermenta-
tion of fresh cassava roots was undertaken by De Leon and Valentin (10) . 
Acid hydrolysis was employed, but the yields were low, the highest 
obtained being only 43.24 per cent of theory. . 
MATERlALS AND METHODS 
The cassava samples were supplied by the College of Agriculture, 
University of the Philippines, and were obtained as dried chips from 
peeled and unpeeled roots; the chips were ground to a coarse powder 
in a burr mill before use. Cassava flour resulted from the grinding of the 
chips from the peeled roots. One batch analyzed 79.2 per cent starch; 
another batch analyzed 82.5 per cent starch. The term ground cassava 
is used to designate the material resulting from grinding the chips from 
the unpeeled roots. Since peeling the roots is a rather laborious opera-
tion, the ground cassava represents a very much cheaper material than 
the cassava flour. As far as is known ground cassava has not been 
used in the industries or previously studied in the laboratory. Three 
batches of ground cassava were found to contain 71.2, 76.6 and 74.5 
per cent of starch. 
All starch analyses were made by the official direct acid hydrolysis 
method of the A.O.A.C. (2) ; the reducing substances formed were 
determined by the method of Shaffer and Hartmann (26). This method 
was used for all reducing sugar analyses throughout this investigation. 
Three materials were employed as sources of amylase. A mold 
amylase preparation was made according to the method of Underkofler, 
Fulmer and Schoene (27) by growing the mold Aspergillus oryzae on 
wheat bran in a rotating drum. The product was air-dried and ground 
in a Wiley mill and is referred to as mold brand. The amylolytic activity 
of this mold bran was about one-third that of similar products subse-
quently produced in the laboratory as well as on the pilot plant and 
commercial scale by improved methods (28, 29). Barley malt was 
obtained from the Fleischmann Malting Company, and was ground in 
a burr mill before use. A sample of the bacterial enzyme product 
"Rapidase lOX" was secured from the W allerstein Laboratories. 
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The malt extract used for the preparation of medium for propaga-
tion of the yeast cultures was Blue Ribbon Malt Extract commercially 
available from the Premier-Pabst Corporation. A 10 per cent solution 
was employed, and is subsequently designated as beer wort. The yeast 
culture employed was the same strain of Saccharomyces cerevisiae 
previously employed in work reported from these laboratories (13, 27) . 
The yields of ethanol obtained were used as the measure of the 
effiiciency of the various experimental treatments. The cassava mashes 
employed for the tests were prepared, unless otherwise stated, in the 
following manner: Measured amounts of water were added to weighed 
quantities of the cassava material in 500-ml. Erlenmeyer flasks. The 
mixed materials were heated over a burner with constant stirring until 
gelatinization of the starch had been effected, and the resulting pastes 
were cooked in an autoclave at 15 pounds steam pressure for 30 
minutes unless otherwise stated. The quantities of materials employed, 
and the times and pressures of cooking when these were varied with 
the different experiments, are given below in the description of the 
experimental work. Unless stated otherwise, when amylolytic materials 
were employed to effect saccharifi.cation of the cassava starch, the cooked 
mashes were cooled to the temperature to be employed, the amylolytic 
materials added, and the temperature maintained for the desfred holding 
time by immersing the flasks in a large constant-temperature water bath. 
When the saccharifying period was completed the mashes were cooled to 
30°C. and inoculated from 24-hour cultures of yeast in beer wort, using 
5 to 8 ml. of the inoculum per 100 ml. of mash. After incubation for 72 
hours at 30°C., the resulting fermented beers were distilled for deter-
mination of ethanol yields. All necessary analytical determinations and 
calculations of results were made in the manner described by Hao, 
Fulmer and Underkofler (13). Corrections were made, as by these 
authors, for the ethanol from the inoculum and the saccharifying agents. 
That is, the measure of the efficiency of the various experimental treat-
ments was the percentage of the theoretical yield of ethanol obtained 
from the cassava starch alone. The correction values were obtained by 
differential fermentation of the materials in question. An example, giving 
average data, is as follows: Fermentation of 
4 g. mold bran + 100 ml. beer wort gave 3.11 g. ethanol; 
4 g. mold bran + 200 ml. beer wort gave 6.14 g. ethanol; 
8 g. mold bran + 200 ml. beer wort gave 6.27 g. ethanol. 
Hence, the corrections for beer wort and mold bran were calculated from 
the data as 6.14 - 3.11 = 3.03 g. ethanol per 100 ml. of beer wort, and 
6.27 - 6.14 = 0.13 g. ethanol from 4 g. of mold bran or 0.0325 g. ethanol 
per gram of mold bran. Employing malt instead of mold bran in a similar 
manner resulted in a correction value for malt of 0.334 g. ethanol per 
gram of malt. 
All the data reported in this paper represent the averages from 
224 BANZON, FULMER, AND UNDERKOFLER 
experiments run in duplicate or triplicate. A Cameron glass electrode 
meter was used for measuring pH values. 
THE USE OF ACID IN MASHING CASSAVA FOR FERMENTATION 
The use of dilute acids for saccharifying starch has long been 
employed for the production of dextrose; however, the use of acids to 
convert starchy materials for the ethanol fermentation has never been 
practiced on the industrial scale. Nevertheless this attractive possibility 
has occasioned considerable research. Recently ethanol yields comparable 
with those from amylase saccharified mashes have been secured from 
acid saccharified grain mashes provided the acid saccharification was 
supplemented with small amounts of mold bran (24). 
The reports of Roxas and Manio (23) and of De Leon and Valentin 
(10) differed as to the yields of ethanol obtainable from mashes of cassava 
saccharified with acid. Hence, it was desirable to further investigate 
this method with cassava. 
An extensive series of investigations was conducted. Concentrations 
of sulfuric acid employed varied between 0.1 N and 0.8 N and the ratios 
of ground cassava to acid from 1: 16 to 1: 1. Cooking temperatures were 
varied from 100° to 130°C. (zero to 25 pounds gauge steam pressure) 
for periods ' ranging from 15 to 180 minutes. Space does not permit 
presentation of the details of these experiments which are given in full 
in another place ( 4). However, in all cases the mashes after cooking 
with the acid were neutralized to pH = 5.0 by means of concentrated 
ammonium hydroxide, diluted to the same mash concentration of 12 
per cent cassava solids and fermented with yeast to determine the 
alcohol yield obtainable after the treatmrnts employed. 
Maximum production of reducing sugars, calculated as dextrose 
from the Shaffer-Hartmann analyses and amounting to 98.8 per cent 
of the starch present, was obtained with a cassava to acid ratio of 1: 2.5 
using 0.4 N acid and heating under 25 pounds steam pressure (130 °C.) 
for 2.5 hours. However, when the mashes prepared in this way were 
fermented the conversion to alcohol was only 69 per cent of theory. 
In fact, the conversion of titratable sugars formed by the acid hydrolysis 
to ethanol by fermentation had no correlation with the quantities of 
sugars present. This result is in accord with the findings of Severson 
(25) with corn. The highest yield of ethanol obtained from acid hydro-
lyzed cassava mashes fermented at 12 per cent concentration was 74.4 
per cent of theory, the hydrolysis being conducted with 0.1 N sulfuric 
acid at a cassava to acid ratio of 1: 8, heated at 20 pounds steam pressure 
(126°C.) for 2 hours. When mold bran to the extent of 5 and 10 per 
cent of the weight of cassava was added to similar mashes the ethanol 
yields were 76.4 and 79.2 per c.ent of theory, respectively. That is, an 
increase in ethanol yield of about 6 per cent was realized by adding the 
10 p £r cent of mold bran. This amount of the mold bran used would 
correspond to about 3 or 4 per cent of mold bran of the quality at present 
available commercially (28, 29) . 
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The effect of adding malt, wheat bran, heat-inactivated mold bran 
and heat-inactivated malt to acid hydrolyzed cassava mashes was investi-
gated. Only the active mold bran markedly increased the alcohol yields 
which confirms the results of Ruf, Stark, Smith and Allen (24) with 
acid hydrolyzed grain mashes. 
. THE USE OF AMYLOLYTIC MATERIALS IN MASHING CASSAVA 
Mashing may be defined as the process which renders a starchy 
:rhaterial ready for alcoholic fermentation. The process may be considered 
to involve three steps: gelatinization or hydration of the starch, lique-
faction of the starch, and saccharification. The final objective is a soluble 
transformation product which can be readily acted upon by yeast. The 
function of amylolytic materials employed in the conventional methods 
of grain mashing is to accomplish the latter two steps, liquefaction and 
saccharification of the gelatinized starch, through the action of the 
enzymic complex called "amylase." During the experimental work con-
nected with the acid saccharification of cassava followed by addition of 
mold bran, it was noted that the most outstanding characteristic of the 
acid hydrolyzates was the ease of mashing as contrasted with the cassava 
pastes which had not been acid treated. 
The conventional means of saccharifying mashes of starchy mater-
ials for fermentation by yeast is the use of barley malt. This procedure 
is not readily applicable to local Philippine conditions since barley is not 
grown in the Philippines and the importation of malt would be too costly. 
However, it was desirable for comparative purposes to first investigate 
the results obtainable by use of this most commonly employed amylolytic 
material. In the conventional "malting" process the liquefying and 
saccharifying steps of mashing are combined. The cooked starchy mash 
is cooled to conversion temperature (usually 60° to 65°C.), actively 
diastatic barley malt is added and the temperature is maintained for a 
period to allow the amylase time for liquefaction and saccharification 
of the starch to fermentable sugars. The saccharified mash is then cooled 
to pitching temperature and inoculated with yeast. During the war 
period a flash conversion method was introduced (12), which largely 
eliminates the holding period. 
In two series of cassava fermentations converted by the usual 
malting methods employing from 2 to 20 per cent of malt, ethanol 
yields were quite low; the highest yield was obtained with 20 per 
cent malt and amounted to 69.5 per cent of theory. In another experi-
ment the concentration of the cassava in the mashes was varied. The 
cooked mashes were cooled to 60°C., and saccharified at that tempera-
ture for one hour. In one series 10 per cent of barley malt, and in another 
10 per cent of mold bran were used for the saccharification. The malted 
mashes averaged 72.5 per cent of theory ethanol yield, whereas the 
mashes converted with mold bran averaged 84.6 per cent of theory 
yield. At the higher mash concentrations considerable difficulty was 
experienced in mixing the amylolytic agents with the mashes, due to the 
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thick, pasty consistencies. This experiment demonstrated that mold 
bran gives better results than malt, and that low concentrations of 
cassava do not present much of a problem in mashing, but the higher 
concentrations offer difficulties. For industrial use fermentation mashes 
should be as concentrated as practicable because of resulting economy 
of size of cookers, fermenters and stills and lowered fuel costs. Cooked 
cassava pastes of carbohydrate content comparable with those usually 
employed in the fermentation industry were found to set to almost 
solid gels on cooling, and the usual mashing operations carried out at 
60°C. were found almost impossible to perform. Apparently an irrevers-
ible hydration or retrogradation occurred, of the nature pointed out 
by Beresford and Christensen (5) and by Christensen (6) to be 
especially bad with root and tuber starches. To overcome or avoid the 
formation of mashes so thick as to be unworkable the operation known 
as thinning was given careful study. 
The thinning or liquefying step in mashing is the operation in which 
the starch paste is subjected to the action of hydrolytic agents with the 
result that the viscosity is markedly lowered. It is not necessary in 
thinning that the reducing sugar content be materially increased, but 
the degradation of the starch. molecules to dextrins must result in a 
fluid mash. It has been found that three general procedures for the 
liquefaction of cassava starch pastes may be followed. The first is the 
use of acids to reduce the viscosity or thin the starch pastes, the other 
two involve the use of amylase to accomplish the thinning. 
Thinning with Acid 
Various concentrations of sulfuric acid and various ratios of ground 
cassava sample to acid volume were employed to determine conditions 
necessary for adequate thinning of cassava mashes by acid. For each 
sample in the series 10 g. of ground cassava were employed, and the 
concentrations of acid and volumes of acid used were varied. The mix-
tures were autoclaved for 60 minutes at 20 pounds steam pressure. The 
thinning was considered to be satisfactory when the product, upon 
cooling to room temperature, remained somewhat fluid and did not cake 
to a hard mass. The ratios of weight of sample to acid volume which 
gave satisfactory thinning were found to be: 1: 3 with 0.1 N sulfuric 
acid, 1: 2 with 0.2 N acid, 1: 1.5 with 0.4 N acid, and 1: 1 with 0.8 N acid. 
When the mashes prepared under the above conditions were diluted 
with water to give, in each case, a mash concentration of 16 per cent, the 
resulting mashes were satisfactory and no hard lumps were found to be 
present. When lower sample to acid ratios were employed the resulting 
diluted mashes were thinner than necessary for easy working, and when 
higher sample to acid ratios were used the resulting diluted mashes 
contained hard lumps of gelatinized and retrograded starch. While it is 
thus possible to obtain satisfactory thinning of cassava pastes with sulfuric 
acid, objections to the use of acid are the necessity of neutralizing the 
excess acid, and the need for special acid-resistant equipment. 
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General Methods of Thinning Cassava with Amylolytic Materials 
The first of the two thinning procedures which employs amylase 
involves the liquefaction of the starch during the gelatinizing period. 
In this method the amylase-containing material is mixed with the starchy 
substrate at room temperature, water is added and the mixture is heated 
above the gelatinizing temperature. Under this procedure the amylase 
attacks the starch granules during the process of swelling and hydration 
and the starch-water mixtures hardly pass through the viscous, gelatin-
ized state at all. 
The second of the thinning procedures which makes use of amylase 
involves liquefaction after gelatinization of the starch. In this method 
the starchy material is mixed with water, gelatinized by heating and 
cooked under pressure. The temperature of the cooked mash is lowered 
rapidly to a point near the gelatinizing temperature and the amylolytic 
material added immediately. 
Either of the above outlined procedures is so designed as to avoid 
carry\ng out the liquefying operation at temperatures lower than the 
gelatinizing temperature because the retrograded pastes then encountered 
are thick, difficult to work with and exceedingly difficult if not impossible 
to liquefy and saccharify. 
Simultaneous Gelatinization and Thinning with Amylolytic Materials 
F ermentation studies were first made on mashes liquefied during 
the gelatinizing period. A large number of experiments were performed 
in which mold bran and malt were employed. In one experiment a 
bacterial enzyme preparation, Rapidase lOX, was used. The thinning was 
accomplished in all cases by mixing the dry amylolytic material with 
weighed quantities of ground cassava in flasks, adding water, previously 
heated to 85°C. and containing sufficient sulfuric acid to give a pH of 
5.0 in the mixed mashes, and stirring the resulting pastes continuously. 
The temperature of the mixtures obtained in this manner was a little 
above 70°C., the approximate gelatinizing temperature for cassava 
starch. Each of the amylolytic materials employed gave satisfactory 
thinning under these conditions. The resulting mashes were then cooked 
in the autoclave, cooled to 60°C., and saccharified at that temperature 
with malt or mold bran, then cooled to 30°C., inoculated with yeast and 
fermented. During the course of the investigation, mash concentration, 
proportions of liquefying agent and saccharifying agent were varied. The 
details of these numerous experiments are reported in another place ( 4). 
Typical results, representing seven different series of experimental fer-
mentations are shown in Table 1. 
As a result of this study it was found that mold bran, malt and 
Rapidase all gave mashes which were thinned sufficiently for satisfactory 
handling. A mash concentration of 16 per cent cassava was found to be 
most satisfactory although mashes containing as much as 24 per cent 
cassava could be handled. With mold bran employed as thinner, using 
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a total mold bran proportion of 10 per cent of the weight of cassava, 
3 per cent of mold bran as thinner with 7 per cent as saccharifying agent 
gave best ethanol yields. The importance of thinning is demonstrated by 
the lower yield of ethanol obtained when 9 per cent of mold bran was 
TABLE1 
ETHANOL YIELDS FROM MASHES THINNED AND SACCHARJFIED WITH VARIOUS 
AMYLOLYTIC MATERIALS 
Mash 
Concentration, 
g. Ground Thinning Agent, Saccharifying Agent, Ethanol Yield, 
Cassava per Percentage of Percentage of Percentage of 
100 ml. Cassava Cassava Theory 
16 .. .. ............ 0 10 malt 67.2 
16· .... . ... . ... .. .. 1 malt 9 malt 67.9 
16 ..... . .......... 2 malt 8 malt 64.6 
16 ... . ... . ........ 3 malt 7 malt 67 . 2 
16 ....... . .... ... . 4 malt 6 malt 66 .9 
8 . . .. ..... . . . .... 1 malt 9 malt 65 .6 
12 .. . ......... . ... 1 malt 9 malt 70 . 5 
16 .....• . .. . ...... 1 malt 9 malt 74.0 
20 ................ 1 malt 9 malt 73 .0 
16 . . . ........... . . 1 malt 9 malt 73.8 
16 ..... .. . .. . .. ... 1 malt 9 mold bran 79 .9 
16 . . ........ . . .... 1 mold bran 9 malt 76 .1 
16 .. ............. . 1 mold bran 9 mold bran 86.5 
8 .......... . ... . . 1 mold bran 9 mold bran 83.8 
12 ...... . .... .. . . . 1 mold bran 9 mold bran 83 .8 
16 ....... . ... . . . . . 1 mold bran 9 mold bran 87.2 
20 . . ..... . ..... . .. 1 mold bran 9 mold bran 82.7 
24 .. . ... . ......... 1 mold bran 9 mold bran 81 .8 
16 . . . . ....... . .. . . 2 mold bran 3 mold bran 71.4 
16 .............. . . 2 mold bran 8 mold bran 82 .0 
16 . .. . . . .. . .. . ... . 2 mold bran 10 mold bran 88 .8 
16 .. . .......... ... 2 mold bran 13 mold bran 84.5 
16 ...... .. .. .. . .. . 1 mold bran 9 mold bran 73 .5 
16 .. . .... . ... . .. . . 2 mold bran 8 mold bran 80 . 3 
16 . . ....... . . . .... 3 mold bran 7 mold bran 80.5 
16 . . ..... . ... . .. . . 4 mold bran 6 mold bran 76.4 
16 . . ..... . ... . .... 5 mold bran 5 mold bran 73 . 9 
16 .. ............ .. 0 . 1 R apidase 9 malt 75.8 
16 . . .... . .. . .. . ... 0 . 1 Rapidase 9 mold bran 87 . 2 
24 .. . ............. 0 .1 Rapidase 9 mold bran 86.9 
30 .. . ...... . .... . . 0 . 1 Rapidase 9 mold bran 83.8 
available for saccharifying and 1 per cent for thinning than when 7 
per cent was available for saccharifying and 3 per cent for thinning. 
Mashes saccharified with malt gave characteristically low ethanol yields 
when thinned with either malt or mold bran. The yield of ethanol was 
better when mold bran was used as saccharifying agent for mashes 
thinned with malt, but not as good as from mashes both thinned and 
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saccharified by mold bran. It was conclusively demonstrated that there 
is a very great superiority of mold bran over malt for cassava mashes, 
especially as liquefying agent, but also as saccharifier. Mashes thinned 
with Rapidase gave ethanol yields of the same order as from mashes 
thinned with mold bran, and if available at reasonable cost bacterial 
enzymes would present a very satisfactory solution to the thinning prob-
lem presented by the thick, mucilaginous character of concentrated cas-
sava pastes. 
Thinning w ith Mold Bran after Gelatinization 
Since the method of thinning with amylolytic materials before 
cooking results in destruction of the amylase of the thinner during the 
cooking, the second method of thinning previously outlined, thinning 
with amylase after gelatinization, was given close attention. A suspension 
of mold bran was prepared for use as thinner by vigorously shaking 
1.8 g. of mold bran with 100 ml. of distilled water at 40°C. This suspension 
was used to thin cassava pastes in the following manner: The gelatinized 
and cooked cassava paste was cooled to about 70°C. and a volume of 
the mold bran suspension containing a weight of mold bran equivalent 
to 0.5 per cent of the weight of cassava used was added and the mixture 
stirred. Liquefaction took place quickly. While this method of thinning 
was found to be effective it worked best at mash concentrations in the 
neighborhood of 12 per cEnt. More concentrated pastes were somewhat 
more difficult to handle, even when the amount of mold bran employed 
was increased. The pastes were more workable the higher the tempera-
ture, but enzymic activity of the mold bran was destroyed quite rapidly 
at th~ s e higher temperatures. 
To determine the proper limits of temperature for thinning by this 
method 10 ml. of a slurry containing 0.18 g. of mold bran (equivalent 
to 0.5 per cent of the weight of cassava used) was added to 12 per cent 
cassava mashes at temperatures varying from 85° to 60°C. After a period 
the mashes were cooled to 30°C. and the condition of the mashes observed. 
The results are shown in Table 2. ExperiEnce showed that properly 
thinned mashes always separated on standing into an almost water-thin 
supernatant liquid and a layer of solid sediment. Improperly thinned 
mashes remained as a thick semi-liquid. The retrograded starch in such 
mashes was not saccharified satisfactorily in subsequent steps and gave 
low ethanol yields. As shown by the data of Table 2 the upper and 
lower limits for thinning cassava mashes by this procedure were 75° 
and 65°C. , respectively. 
Since this method of thinning the cooked mashes at temperatures 
above the gelatinizing point gave satisfactory r Esults, the subsequent 
stages of saccharification and fermentation of such mashes were carefully 
invEstigated. Preliminary experiments with cooked mashes which had 
been thinned by adding mold bran suspension at about 70°C. indicated 
that the usual method of saccharification for 60 minutes at 60°C. did 
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not give satisfactory ethanol yields. Hence, the time and temperature for 
saccharification and the proportions of mold bran employed were system-
atically varied. From the preliminary results it became apparent that, 
using 10 per cent of mold bran based on weight of cassava, the shorter 
the time the flasks of mash were held at 60°C., or the lower the tempera-
ture of the saccharifying bath, the better were the yields of ethanol 
obtained upon fermenting the mashes. An experiment was devised there-
fore to study the interrelationships of mold bran concentration, length 
of time in the saccharifying bath at 60°C., and ethanol yields. The mashes 
were prepared by making up 24 samples in 500-ml. Erlenmeyer flasks . 
each containing 36 g. of ground cassava gelatinized at 80°C. with 250 ml. 
of water containing 3 ml. of 2 N sulfuric acid to adjust the pH to 5.0, and 
cooked at 15 pounds steam pressure for an hour. Upon removal from 
TABLE 2 
EFFECT OF TEMPERATURE ON THE THINNING OF CASSAVA PASTES WlTH M OLD BRAN 
Temperature of Cassava Paste, °C. 
Initia l - -·1 After Adding Mold Bran Suspension 
Time of Standing 
Before Cooling 
min. Liquefaction 
85 · · · · · · . · -:-. ~-i-----8-3 _______ , ______ 1 S ____ --U~s-;;:-t1-'s t'.-a-ct-or_y_ 
80 . . . . . . . . . . . . 78 . 5 15 Unsatisfactory 
7 5 . . . . . . . . . . . . 7 4 15 Satisfactory 
75 ... . . . . . . . . . 74 30 Satisfactory 
70 . . . . . . . . . . . . 69 15 Satisfactory 
70 . . . . . . . . . . . 69. 5 30 Satisfactory 
65 . . . . . . . . . . . . 64. 5 15 Satisfactory 
65 . . . . 64 30 Satisfactory 
60. . . . . . . . . . • . 59 15 Unsatisfactory 
60 . . . . . . . . . . . . 59 30 Unsatisfactory 
the autoclave the samples were allowed to cool to 70°C., then 10 ml. of 
1.8 per cent mold bran suspension were admixed as thinner and the 
mixtures were allowed to stand for 15 minutes with frequent shaking. 
Three concentrations of mold bran were employed for the saccharifica-
tion, 5, 7.5 and 10 per cent of the weight of cassava. The lengths of time 
in the saccharifying bath at 60°C. were 0, 15, 60 and 120 minutes. After 
the indicated times the flasks were rapidly cooled to 30°C. and all were 
inoculated with yeast at the same time. A slight advantage was found 
for saccharifying at 60°C. for only 15 minutes. With these conditions 
7.5 per cent of the mold bran was sufficient to obtain good ethanol yields. 
The alcohol yields were affected adversely when saccharification was 
allowed to continue for one or two hours at 60°C.; in fact, better results 
were obtained when the saccharifying bath was entirely eliminated and 
the saccharifying mold bran introduced into the cassava mash at 30°C. 
These results indicated that proper conditions for saccharification 
have a decided effect on the alcohol yields. For this reason a more careful 
study of this process was made. Various 'temperatures of saccharifying 
bath and different lengths of time in the bath were investigated. The 
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method of preparing and thinning the mashes was the same as in the 
preceding experiment. The proportion of mold bran employed for 
saccharification was 7.5 per cent of the weight of cassava. The results 
(Table 3) demonstrate conclusively that extended periods of sacchari-
fication at elevated temperatures are not only unnecessary but have a 
tendancy to lower the ethanol yields. Within recent -years, subsequent 
to the completion of the work reported in this paper, a "flash conversion" 
TABLE3 
EFFECT OF TlME AND TEMPERATURE OF SACCHARlFlCATION WITH MOLD BRAN ON 
ETHANOL YmLos 
Te01perature of 
Saccharifying Bath, 
oc. 
Tll:ne in the 
Saccharifying Bath, 
min. 
------·---- ·-----·------------
30 .. .. ...... . .................... . 60 
30 ..... . ........ . . . .. .. ... . . ..... . 120 
40 ...... . ......... . ... . ...... . ... . 15 
40 ............. . ... . ... . .... . .... . 30 
40 ........ . .. . ................... . 60 
40 . .. ...........• . . . .. . .. . ..... . .. 120 
55 ....... . .... .. . . .. . .......... . . . 15 
55 ..... . ...... . . ........... . .... . . 30 
55 . .. . . . .. ... ... . ................ . 60 
55 ....................... . 120 
60 ... . ........... . ............... . 15 
60 .......... . •........ 30 
60 ....... . . . .. . . ...... . .......... . 60 
60 ....... . .. . ... . . . ..... . . . . .. . .. . 120 
65 ...................... . ... . .... . 60 
70 .... ... .................. . . ... . . 60 
75 ........... . .. . .. . . . ........... . 1 
75 .................... . .......... . 3 
80 .... . ...•..... . . .. . ..... . . . .. . .. 
Ethanol Yield 
Percentage of Theory 
84 .7 
84.6 
84.4 
84 .0 
83 .5 
81 .8 
83 .2 
83.2 
81 . 3 
80 .6 
83.4 
80 .0 
78.3 
73.2 
64 .7 
57.5 
56 .5 
57. 4 
57.2 
system involving the elimination of the extended holding time has been 
introduced into the grain fermentation industry (12). 
DISCUSSION AND CONCLUSIONS 
From the results obtained in this investigation it may be concluded 
that ground cassava is a very satisfactory substrate for alcoholic fermen-
tation. Presumably fresh cassava roots would be equally satisfactory. 
However, suitable procedures for liquefying and saccharifying, differing 
from conventional malting procedures used for grain fermentations, need 
to be employed with cassava mashes. 
Conventional maltirig procedures, even when mold bran is substi-
tuted for malt, have been found to be impractical with cassava mashes 
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due to the rapid retrogradation of the cassava starch which renders 
introduction of the amylolytic material into the mash at malting tem-
peratures very difficult or impossible, and prevents satisfactory sacchari-
fication. Liquefaction of cassava mashes by either acid cooking, or use 
of bacterial or fungal enzymes is satisfactory. Saccharification is best 
accomplished by means of fungal enzymes. It is interesting in this con-
nection to note that unpublished work in our laboratories on the produc-
tion of ethanol from sweet potatoes have led to the same conclusions. 
Yields of ethanol from sweet potatoes saccharified by means of malt were 
always considerably lower than when mold bran was used as the sac-
charifying agent. Recently Jump, Zarow and Stark (16) reported that 
satisfactory yields of alcohol from dehydrated sweet potatoes could not 
be obtained, with malt as the saccharifying agent, unless accessory mater-
ials were added. In a continuation of this work Hao and .Stark (15) 
found that by the use of fungal amylases as sole conversion agents or in 
combination with reduced percentages of barley malt, maximum yield 
and efficiency were obtained with dehydrated sweet potatoes. 
Acid cooking of cassava mashes results in hydrolysis of the starch, 
but in order to produce good yields of ethanol from the acid hydrolyzed 
mashes, mold bran must be added. The physical condition of the mash 
resulting from the acid cook is of much more importance than the 
degree of saccharification resulting from the action of the acid. 
Bacterial enzymes such as Rapidase are useful for thinning cassava 
mashes. Since such enzymes produce only liquefaction without marked 
saccharification and are active at temperatures up to 90°C., they are 
most conveniently employed by adding them to the cassava, then mixing 
with hot water to produce simultaneous gelatinization and liquefaction. 
A similar method of liquefaction may be employed using mold bran. 
The most satisfactory method of thinning with mold bran was 
found to be stirring the freshly cooked cassava paste at about the gelatin-
izing temperature of the starch with a suspension of mold bran in water. 
Temperatures between 65° and 75°C. are satisfactory, where the cassava 
paste is sufficiently fluid for easy ·mixing and the temperature is not 
so high as to destroy the amylase too rapidly. The more quickly the 
cooked mash is cooled to liquefying temperature, the less likely it is 
that retrogradation will occur and render more difficult the liquefaction 
and saccharification of the starch. 
In the thinning process the chemical change brought about by fungal 
or bacterial amylases is believed to differ from that produced by malt 
because, although each of these three amylolytic agents is able to reduce 
the viscosity of cassava mashes to about the same degree, the ethanol 
yields vary according to whether malt or the microbial products is 
employed as thinning agent. It is well known that the amylase system of 
malt differs markedly from those from fungal or bacterial sources. The 
primary conversion products (dextrins) produced by thinning with mold 
bran or bacterial amylase appear to be much more readily saccharified by 
the amylases of either malt or mold bran, although the latter gives better 
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results, than the dextrins produced by thinning with malt. An advantage 
has been demonstrated repeatedly for fungal amylases over malt amylase 
as regards final ethanol yields from other starchy materials (13, 14, 15, 
22, 29). Corman and Langlykke (9) have shown that the "glucogenic 
activity" of fungal enzyme preparations has a very important influence on 
the final alcohol yields. Undoubtedly the presence of this factor in mold 
bran and its absence in malt is a major reason for the superiority of mold 
bran to malt for saccharifying starchy mashes for yeast fermentation. 
The best procedure for the mashing of cassava, based upon the 
results of this investigation, is as follows: A gelatinized cassava paste 
is prepared containing 12. to 20 g. of cassava dry solids per 100 ml. of 
water by heating under pressure with continuous agitation. The freshly 
cooked paste is cooled as rapidly as possible to about 70°C. and liquefied 
by adding with stirring a suspension of 5 to 10 per cent of the total mold 
bran to be employed. While the total requirement for the mold bran 
employed in the present investigation was about 8 per cent of the weight 
of cassava used, for mold brans with the potency currently produced 
(28, 29) about 3 to 4 per cent is the optimum amount. After the mash 
is satisfactorily thinned, it is cooled to 30°-40°C. and a quantity of mold 
bran introduced sufficient to produce maximum saccharifi.cation. The 
mash is then inoculated with yeast, fermented and distilled in accordance 
with usual practice. 
The above procedure is readily adaptable to industrial scale opera-
tions employing equipment generally used in alcohol plants for grain 
fermentations. Mold bran, which has been demonstrated on the indus-
trial scale to be satisfactory for grain fermentations (28, 29) is recom-
mended for saccharifying cassava mashes. Amylase preparations pro-
duced by submerged cultivation of suitable molds in liquid media 
(1, 11, 18), have been shown on the pilot plant scale to be useful in grain 
fermentations, anP. may be expected to prove equally satisfactory for 
cassava fermentation. However, methods for the preparation and use 
of submerged fungal preparations have not yet b een conclusively proven 
on the full industrial scale. 
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jected to freezing temperatures, 
viability and vigor of, 75 
inbred lines, comparison involving the 
numbers of and relationship between 
testers in evaluating of, 46 
photoperiodic responses of, 86 
Manganese, soluble, affect on growth of 
various legumes in culture solutions 
and in acid soils by, 55 
Metabolism 
bacterial, of glycine and alanine, 61 
dihydroxyphenylalanine, by kidney 
tissue, 25 
fat, in yeast, 91 
Microbiological activity and soil moisture 
tension, 13 
Minnows, of Des Moines River, Boone 
County, Iowa, ecological study of, 83 
Moisture tension, soil , and microbiological 
ac.tivity, 13 
Nioxime, reaction of ferrous iro:i with, 
279 
Nitrogen transformations, and organic 
matter decomposition in soils, some 
factors affecting, 16 
Nyroca valisineria (Wilson), canvas-
back, in southeastern Oregon, life his-
tory and ecology of, 30 
Oat populations, bulk hybrid, evaluation 
of certain agronomic and disease char-
acters in advanced generations of, 3 
Organoleptic changes in three grades of 
beef during aging, 36 
Organosilicon compounds, some substitu-
tion reactions of, 11 
Oviposition, Dermestes maculatus Deg., 
bionomics of, 363 
Oxygen-carrying cobalt compounds, 
presence of water in, 273 
Parabolic boundary, stress distribution 
due to hydrostatic pressure on, 397 
Parasitic fungi, of Iowa, second supple-
mentary list of, 261 
Pepper, red, (Capsicum frutescens L.) 
polygenic inheritance of fruit size in, 48 
Pikeperch, Stizostedion v. vitreum (Mit-. 
chill), of Clear Lake, l9wa, life history 
and management of, 195 
Plasmodium lophurae 
in White Pekin ducks, post-crisis in 
blood-induced infections of, 237 
induced with parasites in duck ery-
throcytes, influence of normal and 
immune duck plasmas on chick in-
fections of, 323 
in White Pekin ducks, report on thirty-
five drugs and three plant materials 
tested against, 189 
Poultry, effect of freezing on tenderness 
and on ice crystal formation after 
various periods of aging in, 23 
Precipitation, of barium sulfate, rate of, 
297 
Pressure, hydrostatic, on a parabolic 
boundary, stress distribution due to, 397 
Protein, in two maize hybrids, inheritance 
of, 33 
QuerC'Us, host-parasite relationship of 
Chalara quercina and, 97 
Radiation, radio-frequency, from electric 
discharges in gases, 27 
Red Haw Hill Reservoir, Iowa, warmouth, 
Chaenobryttus coronarius (Bartram) 
of, 317 
Seed, inbred and hybrid maize, when 
subjected to freezing temperatures, 
viability and vigor of, 75 
Soils 
acid , effect of soluble managanese on 
growth of various legumes in, 55 
some factors affecting nitrogen trans-
formations and organic matter decom-
position in, 16 
potassium fixation as affected by type 
of clay mineral, moisture conditions, 
and concentration of other ions in, 80 
prairie, developed from Peorian loess 
in southwestern Iowa, morphology 
and genesis of, 44 
Soybean oil, commercial extraction of, 
using non-inflammable solvents, 41 
Soybeans, Glycine max X G. ussurien-
sis, inheritance and interrelation of 
some agronomic and chemical char-
acters in interspecific cross in, 89 
Spirit Lake, Dickinson County, aquatic 
and shore vegetation of, 103 
Stizostedion v. vitreum (Mitchill) , of 
Clear Lake, Iowa, life history and 
management of, 195 
Storm Lake, Iowa, life history of white 
bass of, 311 
Sulfides, substituted pyridine and quino-
line, 67 
Survey sampling, stratification in, 53 
Testers, in evaluating inbred lines of 
maize, comparison involving the num-
bers of and relationship between,46 
Thiamine, dependent systems, physiolog-
ical action of thiamine analogues in, 
64 
Titration apparatus, improved high fre-
quency conductimetric, 289 
Triangular section, center of flexure of 
beams of, 375 
Trifolium, seed characters of, 125 
Tryptophan, in two maize hybrids, in-
heritance of, 33 
408 SUBJECT INDEX 
Valine, in two maize hybrids, inheri-
tance of, 33 
Visoous fluid, between slowly rotating 
eccentric cylinders, flow of, 7 
Warmouth, Chaenobryttus coronarius 
(Bartram) in Red Haw Hill Reservoir, 
Iowa, 317 
White Pekin ducks 
post-crisis in blood-induced p!asmod-
ium !ophurae infections in, 237 
report on thirty-five drugs and three 
plant materials tested against plas-
modium tophurae in, 189 
Yeast, fat metabolism in, 91 
Zein, inheritance in two maize hybrids of, 
33 
Zinc, separation of cadmium by con-
trolled cathode potential electrodepos-
ition of, 18 
